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THE  INTERSTITIAL  GRANULES  (LIPOSOMES)  IN 
FATTY  METAMORPHOSIS  OF  STRIATED  MUSCLE.^ 

By  E,  T.  Bell,  Institute  of  Anatomy,  University  of  Minnesota. 

(Plate  XVIII.) 

It  haa  beea  ebowu  in  previous  papers  (Bell,  1910  ^  1911')  that 
many  normal  tisBuea  contain  numeroua  droplets  of  a  fatty  nature  that 
are  seldom  seen  in  the  ordinary  examinations  for  fat. 

When  a  section  of  freeh  tissue  is  cleared  with  potassium  hydi&te  (1  to  & 
per  cent),  a  number  of  small,  more  or  less  refractive  dropleta  are  usually 
visible.  These  are  the  lipoeomee.  Some  are  strongly  refractive,  others  are 
faintly  refractive ;  and  all  intermediate  forma  between  these  two  extremes 
may  be  present.  They  may  be  seen  when  the  fresh  tissue  is  examined  in 
aqueous  humour  or  in  the  tissue  juices,  but  not  so  distinctly  as  in  specimens 
cleared  by  potassium  hydrate.  All  of  the  liposomes  are  readily  soluble  in  ab- 
solute alcohol  and  ether.  The  extent  to  which  they  are  shown  in  examinations 
for  fat  depends  upon  the  character  of  the  fat  stain  employed  and  the  previous 
treatment  of  the  tissue. 

The  strongly  refractive  liposomes  may  be  easily  stained  with  ordinary  fat 
stains,  and,  as  a  rule,  are  only  slightly  affected  by  fiutives.  These  are  commonly 
regarded  as  droplets  of  neutral  fat. 

The  faintly  refractive  hposomea,  however,  ore  more  difficult  to  demonstrate. 
In  the  ordinary  examinations  for  fat  these  droplets  are  either  entirely  unstained 
or  so  faintly  stained  that  their  fatty  nature  is  not  suspected.  They  disappear 
rapidly  as  a  result  of  post-mortem  changes,  and  in  fixing  reagents.  They  may 
be  stained  in  fresh  tissues  with  Herxheimer's  scarlet  red  or  with  especially 
strong  simple  alcoholic  solutions  of  scarlet  red  or  sudan  in. 

Frequently  a  large  majority  of  the  liposomes,  especially  those  in  muscle, 
are  of  intermediate  refractive  power,  lliese  may  stain  a  pale  brown  with 
osmic  acid,  but  they  are  often  not  coloured  at  all  by  this  reagent.  Herxheimer's 
solution  shows  these  droplets  clearly,  but  less  intensely  stained  than  the 
strongly  refractive  droplet&  The  liposomes  of  this  class  are  clearly  stained  by 
strong  simple  alcohohc  solutions  of  scarleb-red  or  sudan  in.,  hut  if  the  stain  be 
weak  they  may  not  be  shown.  A  simple  alcoholic  stain  that  has  stood  for 
some  time  in  the  laboratory  is  apt  to  be  too  weak  to  bring  out  this  class  of 
liposomes.  These  liposomes  also  gradually  disappear  under  the  influence  of 
fixing  reagents  and  post-mortem  changes,  but  not  so  rapidly  as  the  faintly 
refractive  ones. 

The  term  "liposomes"  is  used  in  this  paper  to  include  all  droplets, 
visible  in  theiresh  tissue,  thatare  soluble  in  absolute  alcohol  and  ether  and  are 
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stAUiablo  by  Hersheimer'a  scarlet-ied  solution,'  The  exa«t  fatty  substances 
that  enter  into  the  composition  of  the  liposomes  are  not  definitely  known.  It 
is  known  that  triolein  is  often  an  important  constituent,  but  no  other  true 
fats  or  lipoids  have  been  certainly  identified.  Scarlet-red  and  Sudan  iti. 
apparently  do  not  distinguish  true  fats  from  certain  lipoids. 

The  term  "  fatty  metamorphosis  "  will  be  used  in  this  paper  to  designate 
an  increase  of  the  microscopically  visible  fat  ^  in  a  tissue,  whatever  may  bo 
the  source  of  the  fat.  It  will  be  the  aim  of  this  paper  to  bring  out  that  in 
fatty  metamorphosis  there  is  an  increase  in  the  size,  staining  capacity,  and 
often  the  number  of  the  liposomes. 

Fat  Contest  of  Normal  Muscle. 

It  ia  necessary,  before  patholc^cal  conditions  are  considered,  to 
describe  the  fat  normally  present  in  muscle.  The  literature  on  this 
topic  is  scanty  and  somewhat  contradictory. 

Kiilhker  (1857  '^)  and  others  have  described  fat  in  the  muscle  fibres 
of  the  winter  frog.  In  1857  Kolliker  described  fat  droplets  in  the  mnscle 
fibres  of  man  and  other  mammals.  Ricker  and  Ellenbeck  (1899  ^')  found  no 
fat  in  the  fibres  of  the  normal  muscles  of  adult  rabbits.  The  earlier  observers 
used  only  osmic  acid  as  a  fat  stain. 

Knoll  (1891  '^)  described  the  distribution  of  the  interstitial  granules  in 
various  animals.  He  states  that  they  may  be  dissolved  by  treatment  with 
ether  and  alcohol,  and  that  they  may  be  stained  more  or  less  intensely  with 
osmic  acid.  From  their  solubility  and  staining  he  concluded  that  the  strongly 
refractive  grannies  consist  entirely  of  fat,  and  that  the  faintly  refractive 
granules  consist  of  a  fatty  marginal  layer  and  a  central  core  which  may  be 
lecithin.  No  explanation  is  ofTered  for  granules  that  do  not  stain  at  all  with 
oamicacid.  The  papers  of  both  Knoll  (189n*)  and  Schaffer  (1893  »>)  may 
be  taken  as  giving  extensive  accounts  of  the  distribution  of  fat  in  muscle, 
since  we  now  have  convincing  proof  of  the  fatty  nature  of  the  interstitial 
granules. 

Walbaum  (1899^)  found  fat  in  the  muscle  fibres  of  children  in  about 
two-thirds  of  the  cases  examined.  He  states  that  the  fat  content  of  the  fibres 
is  not  influenced  by  the  nutritive  condition  of  the  individual. 

Albrecht  (1902  >  and  1903  *)  observed  that  bodies  similar  to  the  interstitial 
granules  of  muscle  occur  in  many  other  tissues.  He  believed  that  all  these 
bodies  consist  of  fat-like  substances,  and  su^eeted  the  name  "liposomes." 
He  was  apparently  unfamihar  witli  the  work  of  KnoU.  His  reasons  for 
believing  that  the  liposomes  consist  of  fat-like  substances  seem  to  be  as 
follows:  (1)  They  are  insoluble  in  potassium  hydrate;  (3)  they  may  be 
converted  into  a  substance  (myelin)  which  is  readily  soluble  in  alcohol,  ether, 
benzene,  etc.,  and  which  may  be  stained  a  dark  grey  by  osmic  acid.  He  seems 
not  to  have  teeted  the  solubility  of  the  liposomes  in  the  fresh  tissue,  and  he 
evidently  regarded  Altmann's  fuchsinophil  granules  as  liposomes.  He  did 
not  stain  the  liposomes  with  any  fat  stain.  Had  he  done  so  he  might  have 
seen  that  there  is  no  line  of  demarcation  between  liposomes  (in  his  sense)  and 
ordinary  fat  droplets. 

Babes  (1908°)  states  that  fat  droplets  are  present  in  the  axial  sarcoplasm 
of  human  cardiac  fibres  under  apparently  normal  conditions.  If  fat  be  present 
outside  of  the  axial  sarcoplasm  he  would  seemingly  regard  it  as  pathological. 

'  It  is  to  be  noted  that  this  definition  of  the  term  "lipoaomee"  does  not  coincide  with 
Albreclit's.  Albrecht  Kppu-ently  believed  thit  all  the  liposomes  conaist  of  fst-like  snb- 
stancei:— lipoids.     He  seemed  to  distinguish  lipoiomee  from  trae  fat  droplets. 

'  The  word  "  fat"  will  be  used  m  a  general  term  to  include  both  true  fats  and  lipoids. 


Digitized  by  Vj  00*:^  IC 


FATTY  METAMORPHOSIS  IN  MUSCLE.  149 

Many  other  observers  have  made  incidental  reference  to  the  presence  of 
fat  droplets  in  muscle  fibres.  Thia  point  is  apparently  very  generally 
recognised,  but  the  quantity  of  fat  present  and  the  conditione  under  which 
it  occura  are  not  properly  appreciated.  Under  ordinary  conditions  the 
skeletal  and  cardiac  muscle  fibres  of  the  cat,  dog,  rat,  0:1,  chicken,  frog,  man, 
etc.,  contain  large  numbers  of  fat  droplets — the  liposomes.  The  liposomee 
are  largest  and  brightest  in  the  dark  fibres  ("triibe  Fasem"  of  Knoll) ;  the  light 
fibres  may  not  contain  any.  The  proportion  of  dark  to  light  fibres  is  fairly 
-constant  in  any  particular  muscle  of  a  given  species.  In  any  animal,  therefore, 
the  muscles  that  contain  the  most  dark  fibres  (e.17.,  the  diaphragm  and  deep 
■extensors  of  the  thigh  of  the  rat)  will  nearly  always  show  the  greatest  quantity 
of  fat.  Liposomes  are  always  present  in  large  numbers  in  cardiac  muscle 
fibres.  In  some  animals  (e.g.,  man  and  the  dog)  the  liposomes  in  the  asial 
sarcoplasm  of  the  cardiac  fibres  are  much  larger  than  those  between  the 
fibrilUe.  Human  skeletal  muscle  usually  contains  large  quantities  of  fat 
Human  cardiac  muscle  under  normal  conditions  may  also  be  shown  to  contain 
large  numbers  of  fat  droplets  both  in  the  axial  sarcoplasm  and  between  the 
fibrillse,  if  the  material  be  obtained  within  a  few  hours  after  death.' 

The  confusion  in  regard  to  the  fat  content  of  muscle  is  due  to  several 
iactors,  all  of  which  have  been  discussed  in  previous  publications  (Bell,  1910*, 
191 H). 

1.  Th»  character  of  tlie  fat  stain  emptoyed. — It  is  well  known  that 
osmic  acid  does  not  stain  all  fats.  At  the  present  time  oleic  acid  and  triolein 
.are  the  only  simple  fata  that  are  known  io  be  blackened  by  this  reagent. 
The  droplets  that  stain  brown  have  not  been  retarded  as  fat  by  all  observers, 
A  great  many  droplets  are  not  stained  at  all  by  osmic  acid.  It  is  easy  to 
understand  why  the  earlier  observers,  who  relied  upon  osmic  acid,  failed  to 
■demonstrate  all  the  fat. 

It  was  noted  above  that  stoong  simple  alcoholic  solutions  of  scarlet  red  or 
Sudan  III.  may  slain  even  the  faintly  refractive  liposomes ;  but  the  stain  must 
be  at  its  maximum  efficiency  if  these  droplets  are  shown.  Solutions  that  have 
stood  in  the  laboratory  for  some  time  are  apt  to  be  too  weak  to  bring  out  the 
fainter  liposomes,  since  the  dye  precipitates  to  some  extent.  Unless  special 
precautions  are  used  in  the  preparation  and  control  of  the  stain  it  may  show 
■only  the  more  strongly  refractive  droplets.*  Some  faintly  refractive  liposomes 
are  dissolved  if  exposed  several  hours  to  80  per  cent,  alcohol ;  therefore  a 
section,  though  it  shows  these  droplets  well-stained  after  fifteen  or  twenty 
minutes  exposure,  may  show  none  at  all  if  left  in  the  stain  several  hours. 
'Since  the  simple  alcoholic  solutions  of  scarlet-red  and  sudan  iii.  are  the 
etains  generally  employed,  it  appears  that  their  varying  action  is  sufiicient  to 
.account  for  much  of  the  difierence  of  opinion  is  regard  to  the  fat  content  of 
the  tissues. 

Those  observera  who  have  used  Herxheimer's  scarletrred  probably  saw  a 
great  many  of  the  fainter  liposomes.  This  stain  clears  up  the  tissue  so  that 
the  fainter  droplets  are  easily  seen.  It  does  not  seem  to  lose  its  capacity  for 
^staining  the  faint  liposomes  as  does  the  simple  alcoholic  solution. 

2.  The  tpecies  of  the  animal. — Some  species  difier  markedly  from  others 

'  1  have  examined  only  three  firesh  normal  liuman  hearts,  however. 

'  WiIbaum{189G'*)Btatea  that  lie  could  see  considerably  more  fat  in  the  fresh  tissues 
than  he  was  able  to  stain.  He  used  the  ordinary  alcoholic  solution  of  eudon  iii,  I  now 
prepare  the  simple  alcoholic  Botation  by  usiog  a  large  excess  of  tbe  dye  (2  grms.  to  each 
100  c.c.  of  70  or  80  per  cent  alcohol)  aud  shaking  vigoroosly  for  fifteen  minutes.  It  seems 
better  to  heat  the  alcohol,  but  good  results  have  been  ohtained  with  cold  alcohol.  A 
Henheimer  stain  is  always  used  as  a  control  to  determine  when  the  simple  alcoholic 
stain  ia  bringing  out  all  the  liposomes.  When  maximum  efficiency  of  staining  is  required 
tbe  itaiu  shoald  be  ased  within  a  few  hours  of  its  preparation. 
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in  the  staining  capacity  of  their  muscle  liposomes.  The  liposomes  in  the 
fibres  of  a  noTmally  nourished  cat  generally  stain  intensely  and  readily.  Osmio 
acid  usually  stains  a  majority  of  them.  But  in  other  animals  {t.g.^  the  ox, 
many  rats  and  rabbite,  some  dogs,  summer  frogs,  etc.),  although  the 
liposomes  may  be  just  as  numerous,  they  are  more  difficult  to  stain.  In  the 
animals  just  mentioned  the  liposomes  are  usually  more  weakly  refractive,  and 
are  generally  missed  by  the  fat  stains  in  common  use. 

3.  The  diaracier  of  the  animoTs  food. — This  is  a  factor  of  the  greatest 
importance,  in  some  animals  at  least.  A  rat  that  has  been  fed  a  few  days 
on  a  diet  rich  in  fat  shows  a  great  deal  more  fat  in  it«  muscle  fibres  than  does 
one  fed  on  a  diet  poor  in  fat.  A  very  striking  increase  in  the  number,  size,  and 
staining  intensity  of  the  muscle  liposomes  is  to  be  seen  when  a  summer  frog 
is  fed  on  fat  meat  or  olive  oil  (liell,  1911^).  When  an  excess  of  fat  is 
absorbed  it  is  deposited  in  the  muscle  fibres  more  readily  than  in  the 
connective  tissue. 

4.  The  general  nutritive  condition  of  the  animal  {i.e.,  whether  fat  or 
emaciated).— A  rat  oi  cat  when  given  small  quantities  of  food  containing 
relatively  little  fat,  so  as  to  cause  a  gradual  loss  of  body  weight,  will  show  a 
gradual  decrease  in  the  number,  size,  and  staining  capacity  of  its  muscle 
liposomes.  The  muscle  liposomes  of  the  rat  are  very  sensitive  to  inanition. 
A  twenty -four  hour  fast  produces  striking  changes;  and  a  forty-eight  hour 
fast  may  remove  all  traces  of  the  muscle  lijKisomes.  In  the  cat  a  high  degree 
of  inanition  is  necessary  for  the  complete  removal  of  the  muscle  liposomes, 
but  marked  changes  are  to  be  seen  in  the  earlier  stages.  It  is  clear  that  in 
animals  like  the  rat  the  amount  of  fat  in  the  muscles  visible  microscopically 
will  vary  greatly  from  time  to  time  in  accordance  with  the  quality  and 
quantity  of  the  food  supply. 

5.  The  e^ect  of  fixatives. — A  great  many  of  the  liposomes  in  muscle 
disappear  rapidly  in  the  ordinary  fixing  reagents.  This  is  particularly  true 
of  the  faintly  refractive  liposomes.  Those  that  are  strongly  refractive  are 
usually  only  slightly  affected,  but  even  these  may  largely  disappear  after 
several  weeks  in  formalin.  Many  of  the  liposomes  in  the  kidney  are  much 
more  sensitive  to  formalin  than  are  those  of  muscle.  The  fresh  tissue  will 
usually  show  considerably  more  fat  than  can  be  seen  after  fixation. 

6.  77ie  effect  of  post-mortem  changes. — The  liposomes  are  shown  best  when 
the  tissue  is  examined  immediately  after  death  ;  but  a  few  hours  may  not 
produce  any  noticeable  changes.  If,  however,  the  tissues  be  left  twenty-four 
hours  or  longer  after  death  all  the  fainter  liposomes  will  have  disappeared. 
For  this  reason  the  human  material  ordinarily  available  shows  much  less  fat 
than  is  present  in  the  fresh  tissue.  A  heart  obtained  a  short  time  after  death 
may  show  a  picture  that  is  commonly  regarded  as  a  fatty  heart.  The  freshness 
of  the  material  is  a  factor  of  importance  in  the  microscopical  diagnosis  of 
fatty  heart, 

The  amount  of  microscopically  demonstrable  fat  in  muscle  depends, 
therefore,  upon  the  species  of  the  animal,  the  quantity  and  quality 
of  its  food,  and  its  general  nutritive  condition.  The  amount  of  fat 
stained  depends  upon  the  stain  employed  and  the  treatment  of  the 
tissue  before  it  is  stained.  Neglect  of  any  of  the  six  above-mentioned 
considerations  may  lead  to  an  inaccurate  estimation  of  the  amount  of 
microscopically  visible  fat. 

It  may  be  repeated  here  that  the  term  "  fat "  is  used  in  a  general 
sense  to  include  both  true  fats  and  lipoids.  The  exact  fatty  sub- 
stances that  enter  into  the  composition  of  the  liposomes  are  not  known 
with  any  degree  of  certainty.     The  liposomes  that  stain  black  with 
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osmic  acid  are  probably  composed  essentially  of  triolein.  Those  that 
Btaio  varying  shades  of  brown  with  osmic  acid  probably  contain  more 
or  less  olein  mixed  with  some  other  fatty  substance.  Those  that  do 
not  staiu  at  all  with  osmic  acid  probably  consist,  in  part  at  least,  of 
some  low-melting  fatty  substance  like  butyrin.  The  difference  in 
refractive  power  among  the  liposomes  may  be  due  to  the  proportion  of 
true  fat  present,  but  it  may  also  be  due  to  the  presence  of  diffei-ent 
kinds  of  fatty  bodies.  It  is  not  known  to  what  extent  lipoids  enter 
into  the  formation  of  the  muscle  liposomes.  Fatty  acids  and  soaps 
may  probably  be  excluded  because  Beada's  stain  always  gives  negative 
results.  The  muscle  liposomes  are  isotropic  and  therefore  do  not 
belong  to  the  myelin  group. 

Fatty  MKTAMORPHoais. 

As  stated  in  the  introduction,  this  term  is  used  to  designate  an 
increase  of  microscopically  visible  fat.  When  the  increase  of  fat  is 
associated  with  the  normal  activity  of  the  tissue  elements  it  will  be 
referred  to  as  phyaiologiccd  faity  metamorphosis;  and  wheu  the  increase 
of  fat  is  associated  with  disordered  cell  metabolism  it  will  be  desig- 
nated pathological  fatty  metamorphosis. 

Kiillikei  (1857  ")  waa  the  first  to  ai^igeat  that  the  interstitial  granules  of 
striated  muscle  become  converted  into  fat  droplets.  He  stated  that  the  true 
interstitial  granules  do  not  consist  of  fat,  but  that  under  certain  conditions 
(e.g.,  the  winter  frog)  they  may  be  transformed  into  fat  droplets. 

Kolliker  (1689'*)  used  osmic  acid  to  stain  the  fat,  and  therefore  did  not 
recognise  the  fatty  nature  of  the  fainter  interstitial  granules.  His  results, 
however,  show  the  increase  of  olein  in  the  liposomes  in  physiological  fatty 
metamorphosis.  He  thought  that  in  fatty  degeneration  the  fat  droplets  are 
formed  by  the  disintegration  of  the  fibrillfe. 

Stuart  (1865  ^)  irritated  muscle  by  iujectiona  of  silver  nitrate.  He  states 
that  at  first  albumiaous  droplets  appear,  which  are  later  converted  into  osmic- 
staining  (fat)  droplets. 

Knoll  and  Hauer  (1892  '*)  described  a  marked  increase  in  the  refractive 
power  and  the  staining  capacity  of  the  interstitial  granules  in  the  dark  fibres 
of  the  pectoral  muscles  and  in  the  heart  muscle  of  pigeons  after  phosphorus 
poisoning.  In  the  poisoned  animals  the  granules  were  stained  brown  or 
black  by  osmic  acid.  This  is  the  first  clear  statement  that  in  pathological 
fatty  metamorphosis  the  fat  droplets  are  formed  from  the  interstitial  granules. 

Ehrhardt  (1896  •'),  in  a  discussion  of  fatty  metamorphosis  of  the  muscle 
fibres  in  trichinosis,  suggests  the  possibility  that  the  fat  droplets  may  come 
from  the  interstitial  granules,  but  inclines  to  the  view  that  this  is  not  their 
source. 

Albrecht  (1903  ')  expressed  the  view  that  in  fatty  metamorphosis  of  the 
myocardium  the  fat  droplets  come  from  the  liposomes.  He  states  again 
(1907'),  in  explanation  of  this  process,  that  either  the  lipoids  are  split  up  into 
fat  or  that  fat  is  passed  into  the  liposome  and  substituted  for  the  hpoids. 

Elbe  (1899")  found  fine  fat  droplets  in  the  muscle  fibres  of  rabbits  that 
had  been  fattened  with  olive  oil. 

Arnold  (1903*)  describes  fat  droplets  in  the  cardiac  fibres  of  mice  after 
subcutaneous  injections  of  sodium  oleate.  He  states  that  the  fat  droplets 
have  the  same  arrangement  as  the  interstitial  granules. 
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In  a  previous  paper  (Beil,  1911  ^  it  waa  shown  that  the  fat  in  the  muscle* 
of  the  summer  frog  teadily  increases  when  the  animal  is  given  a  diet  rich  in 
fat.  A  careful  etudy  of  the  process  showed  that  in  response  to  the  fatty  food 
the  liposomes  increase  rapidly  in  refractive  power,  number,  size,  and  staining 
capacity.  New  liposomes  appear  first  as  very  small  faintly  refractive  droplets. 
A  similar  increase  of  the  liposomes  was  noted  in  rats  that  were  fed  heavily  on 
fat  meat  or  olive  oiL 

Material  akd  Methods. 

All  of  the  experiments  reported  in  this  paper  were  made  on  rats 
(albino  white  rats  and  native  brown  rats).  The  method  employed  ti> 
produce  fatty  metamorphosis  in  the  skeletal  muscles  was  usually 
passive  hypersemia.  This  condition  was  obtained  by  tying  a  strong 
ligature  around  the  middle  of  the  thigh.  The  ligature  was  passed 
around  the  limb  between  the  skin  and  the  muscles  and  drawn  very 
tightly.  The  skin  was  not  included  in  the  ligature,  since,  when  this  was 
done,  there  was  usually  a  necrosis  of  the  limb  not  attended  by  the 
accumulation  of  fat.  Some  circulation  must  apparently  be  allowed  in 
the  limb  distal  to  the  ligature  if  fatty  metamorphosis  of  the  muscle  is 
to  occur.  In  a  successful  operation  the  leg  swells  rapidly  to  about 
twice  the  normal  size  and  shows  considerable  bluish  discoloration. 
The  maximum  fatty  condition  is  usually  found  about  forty-eight  hours 
after  the  application  of  the  ligature.  If  left  over  forty-eight  hours 
there  is  usually  some  sloughing  around  the  ligature,  with  a  con- 
sequent removal  of  the  pressure  and  disappearance  of  the  swelling. 
The  increase  of  fat  is  not  foimd  unless  the  leg  is  greatly  swollen  for 
about  forty-eight  hours. 

Frozen  sections  through  the  gastrocnemius  and  soleus  of  the 
normal  and  of  the  ligatured  leg  were  made  and  compared.  The 
muscle  fibres  of  the  ligatured  leg  show  much  more  fat  than  those 
of  the  normal  leg.  The  diSerence  in  fat  content  represents  the 
amount  of  fatty  metamorphosis  produced  by  the  ligature. 

The  amount  of  fat  developed  in  the  ligatured  leg  is  closely 
dependent  upon  the  amount  of  fat  in  the  muscle  at  the  time  of  the 
operation  and  the  subsequent  feeding  of  the  animal.  The  rats 
experimented  upon  may  be  divided  into  three  groups : 

Geoup  A- — These  animals  contained  a  comparatively  small  amount 
of  fat  ID  their  muscle  fibres  at  the  time  of  the  operation.'  Subsequent 
to  the  operation  they  were  full  fed  on  starch,  so  that  there  was 
comparatively  little  loss  of  body  weight.  No  fat  was  given  in  the 
food. 

Gkoup  R — These  animals  were  full  fed  on  fat  meat  and  olive  oil  for 
several  days  before  the  operation.  This  fills  the  muscle  fibres  with 
fat.     Subsequent  to  the  operation  they  were  given  the  same  diet. 

'  This  was  determined  from  their  eouditiou  when  killed.  It  waa  found  front  a  namber 
ol  experimenta  that  in  rata  Ml  fed  on  starch  the  amount  of  fat  in  the  mnaolea  does  not 
varj  appreciably  for  a  fev  days  at  least. 
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Group  C. — These  rata  were  reduced  slightly  in  weight  before 
the  operation.  After  the  operation  they  were  either  given  a  email 
amount  of  starch  or  all  food  was  withheld. 

In  Bflveral  animals  Bubcntaneous  injections  of  phosphorus  oil 
were  made  in  order  to  produce  fatty  metamorphosis.  This  produced 
a  marked  increase  of  the  liposomes  of  the  kidney  and  liver,  but  the 
effect  upon  the  muscle  liposomes  was  not  definitely  determined. 

A  number  of  experiments  were  made  in  order  to  study  the 
increase  of  the  liposomes  resulting  from  a  diet  rich  in  fat.  A  piece 
of  muscle  from  the  vastus  intermedius  was  removed  and  examined  at 
the  beginning  of  the  experiment.  The  animal  was  then  heavily  fed 
on  a  ration  consisting  mainly  of  fat  meat  or  olive  oiL  After  a  few 
days  the  animal  was  killed.  By  comparing  the  piece  of  muscle 
removed  with  the  same  part  of  the  corresponding  muscle  of  the 
opposite  leg  a  very  accurate  estimate  of  the  increase  of  the  fat  was 
obtained. 

Frozen  sections  and  teased  specimens  were  stained  with 
Herxheimer's  scarlet-red,  with  strong  simple  alcoholic  solutions  of 
Sudan  ni.,  and  with  osmic  acid.  Unstained  specimens  were  examined 
as  controls.     Fixatives  were  used  in  special  instances. 

BzperlmentB. 

Group  A. — Paasive  hypercemia.     A  typical  experiment  is  here  given. 

February  20,  1911. — Brown  rat,  No.  54,  weight  144'5  grms.  Left  leg 
ligatured  above  the  knee.  Fed  on  starch.  The  leg  soon  became  greatly  swollen, 
and  showed  a  bluish  discoloration.  The  swelling  and  discoloration  persisted 
during  the  forty-eight  hours  the  animal  was  allowed  to  live.  The  weight 
when  killed  was  138  grms.  A  small  amount  of  connective-tissue  fat  was 
present  in  the  abdominal  cavity.  The  leg  operated  on  was  very  much 
awollen.  The  muscles  below  the  knee  were  twice  as  large  as  those  of  the 
normal  leg,  and  were  dark  red  in  colour  from  the  infiltrated  blood.  Upon 
teasing  it  was  noted  that  the  muscle  fibres  of  the  leg  operated  upon  were 
much  more  tender  than  were  those  of  the  normal  leg. 

Frozen  sections  cut  transversely  through  the  gaetrocnemius  and  soleus  of 
each  leg  were  stained  and  compared.  Striking  differences  were  apparent, 
pnrticularly  in  the  dark  fibres.  Plate  XVIII.  Figs.  1  and  2  bring  out  the 
difi'erences.  It  will  be  noted  that  in  the  dark  fibres  of  the  normal  leg  (Plate 
XVIII.  Fig.  1)  the  liposomes  are  much  smaller  and  less  intensely  coloured  than 
are  those  in  the  dark  fibres  of  the  ligatured  leg  (Plate  XVIII.  Fig.  2).  The 
fibres  of  the  ligatured  leg  are  considerably  larger  than  those  of  the  normal 
leg.  Some  of  the  light  fibres  of  the  leg  operated  upon  contain  small  liposomes, 
but  there  are  no  liposomes  in  the  light  fibres  of  the  normal  leg.  The  liposomes 
of  the  ligatured  leg,  such  as  are  shown  in  Plate  XVIII.  Fig.  2,  were  stained 
iHOwn  by  oemic  acid ;  but  no  liposomes  in  the  normal  leg  muscle  were  stained 
by  this  reagent. 

Several  other  rats  operated  upon  and  fed  as  above  described,  gave 
essentially  the  same  results. 

Group  B. — Fat  anirnaU. — Example.  White  rat,  No.  59.  Fed  four  days 
on  olive  oil  and  fat  meat.  March  11,  1911. — Weight  98  grms.  Left  leg 
ligatured.    Fed  as  before.     March  13. — Killed,  weight  96  grms. 
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A  large  amount  of  connective-tissue  fat  is  present.  All  the  muscls  fibres 
of  both  legs  are  fall  of  liposomes.  In  the  fibres  of  the  leg  operated  upon,  the 
liposomes  are,  however,  larger  and  more  bi^htly  stained  than  are  those  of  the 
nonnal  leg.  Plate  XVIII.  Figs.  3  and  4  bring  out  the  diflerencea  exhibited  by 
the  dark  fibres.  The  liposomes  in  the  light  fibres  of  the  leg  operated  upon  are 
somewhat  brighter  tban  are  those  iu  the  corresponding  fibres  of  the  normal  1^. 
Group  C. — Inanition. — When  these  animals  were  killed  the  loss  of  body 
weight  was  usually  30  to  25  per  cent.  The  ligatured  leg  does  not  swell  as 
much  as  it  does  in  a  full-fed  animaL  In  extreme  inanition  no  liposomes  are 
present  in  either  the  normal  or  the  ligatured  leg.  In  moderate  inanition  tbe 
dark  fibres  of  the  leg  operated  upon  resemble  the  fibre  shown  in  Plate  XVIII. 
Fig.  1,  but  no  liposomes  at  all  are  to  be  found  in  the  muscle  fibres  in  other 
parts  of  the  body. 

It  IB  evident  that  the  liposomea  in  the  fibres  of  the  ligatured  1^ 
are  always  better  developed  thaji  they  are  in  the  normal  muscle  fibres, 
but  their  size  is  dependeDt  upon  the  amount  of  fat  in  the  musculature. 
Plate  XVIII.  Figs.  1  and  2  show  the  differencea  m  a  rat  that  had  a 
comparstively  small  amount  of  fat  in  its  muscles.  Plate  XVIII. 
Figs.  3  and  4  show  the  differences  in  a  very  fat  rat. 

In  inanition  some  fat  seems  to  persist  in  the  fibres  of  the  \og 
operated  upon  after  it  has  disappeared  from  the  rest  of  the 
musculature,  but  in  extreme  inanition  it  is  completely  removed  even 
from  this  situation. 

The  experiments  given  above  show  that  fatty  mctamorphoBis  in 
the  muscle  fibres,  induced  by  passive  hypersemia,  consists  in  an 
increase  in  the  size,  staining  capacity,  and  often  tbe  number  of  the 
fatty  droplets  already  present.  Observations  made  on  the  kidneys  of 
rats  poisoned  by  phosphorus  have  shown  an  increase  of  the  liposomes 
entirely  similar  to  the  process  just  described. 

These  results  are  in  harmony  with  the  observations  of  those 
investigators  who  state  that  in  fatty  metamorphosis  of  muscle  the  fat 
droplets  correspond  to  the  interstitial  granules  of  tbe  normal  fibre 
(Kolliker,  1857";  Albrecht,  1903 »;  Arnold,  1903*). 

It  will  be  recalled  that  there  is  not  a  complete  cessation  of  blood 
flow  through  the  ligatured  leg,  bub  the  quantity  of  blood  passii^ 
through  in  a  given  time  must  be  greatly  reduced.  The  consequent 
decrease  in  the  supply  of  oxygen  to  the  tissues  is  probably  the 
immediate  cause  of  tbe  accumulation  of  fat  in  the  fibres.  The  fat 
brought  by  the  blood  stream  is  not  oxidised. 

Eibbert  (1897*")  has  shown  that  in  focal  fatty  metamorphosis  of 
tbe  heart  the  fatty  areas  are  those  most  distant  from  the  arterial 
blood  vessels.  In  these  instances  also  deci^aaed  oxidation  seems  to 
be  a  factor  of  primary  importance. 

Physiological  Fatty  Metamorphosis. 
Tbe  occurrence  of  this  process  in  the  frog  was  referred  to  above. 
A  similar  growth  of  the  liposomes  may  be  seen  when  a  rat  is  fed  on 
a  diet  rich  in  fat. 
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Example, — White  rat;  No.  53.  Kept  without  food  one  day.  We^ht, 
March  1,  1911,  83  gims.  On  this  date  a  piece  of  muacle  from  the  vastus 
intennedius  of  the  right  thigh  was  removed  for  examination.  The  rat  was 
then  full-fed  on  starch  and  fat  meat  until  9th  March,  on  which  date  it  was 
killed.  The  final  weight  was  996  grms.  The  rat  was  exceedinglj  fat  when 
killed.  Plate  X  VIII.  Fig.  5  shows  a  longitudinal  section  of  part  of  a  datk  fibre 
from  the  piece  of  muscle  removed  on  1st  March.  It  will  be  noted  that  the 
liposomes  are  very  small  and  faintly  stained.  In  the  hght  fibres  no  lipo- 
somes are  demonstrable.  Plate  XVIII.  Fig.  6  shows  a  longitudinal  section  of  a 
dark  fibre  from  the  vastus  intermedius  of  the  left  thigh  when  the  rat  was 
killed.  The  enormous  increase  in  the  size  and  brightness  of  the  liposomes  is 
evident.  The  dark  fibres  throughout  the  body  resemble  the  fibre  shown  in  the 
figure.  The  light  fibres  are  full  of  smaller  liposomes.  Intermediate  stages  in 
the  growth  of  Uie  liposomes  were  seen  in  animals  that  were  fed  one  and  two 
days  on  the  fatty  diet  The  cardiac  fibres  of  this  rat,  Ho.  63,  were  filled  with 
liposomes  somewhat  smaller  than  those  shown  in  Plate  XVIII.  F^.  6.  (In  all 
the  rats  thus  far  examined  the  fat  content  of  the  cardiac  fibres  is  only  a  little 
lees  than  that  of  the  dark  fibres  of  the  skeletal  muscles.) 

The  earlier  stages  of  the  experimeDt  just  described  are  clearly  within 
physiological  limits.  Possibly  the  later  stages  are  pathological  The 
changes  produced  in  the  liposomes  by  passive  hyperemia  are  essentially 
identical  with  those  produced  by  a  fatty  diet. 


The  Soobce  of  the  Fat. 

This  topic  has  attracted  much  attention  in  recent  years.  It  has 
been  well  established  that  in  many  instances  a  part  of  the  fat  at  least 
is  carried  to  the  fatty  organ  by  the  blood  stream  from  other  parts  of 
the  body  (Rosenteld).  Rosenfeld  (1903  ",  1904  ",  1 9 0 6  ")  found  also 
that  certain  organs,  e.g.,  the  kidney,  may  show  an  increase  of  tat 
microscopically,  although  chemically  there  may  he  an  actual  decrease. 
He  believes  that  in  these  instances  fat  already  present  in  the  tissue 
becomes  visible  microscopically.  Albrecht  (1907  ')  believed  that  in 
fatty  metamorphosis  a  considerable  part  of  the  fat  is  formed  from 
the  lipoids  in  the  liposomes. 

My  observations  show  clearly  that  some  fat  is  already  present 
in  the  tissue  when  pathological  fatty  metamorphosis  begins  (Plate  XVIII. 
Figs.  1  and  3),  but  there  is  do  certain  evidence  as  to  the  source  of  the 
fat  that  produces  the  increase  in  the  size  of  the  liposomes.  It  is  un- 
common to  find  a  tissue  free  from  microscopical  fat.  In  all  probability 
the  oi^ns  described  by  Eosenfeld  as  microscopically  fat-free  con- 
tained lai^  numbers  of  liposomes. 

It  has  been  noted  that  in  fatty  metamorphosis  the  liposomes 
increase  id  size  and  refractive  power,  and  stain  more  intensely.  This 
increase  of  the  liposomes  has  been  produced  physiologically  only  by 
feeding  on  a  diet  rich  in  triolein  (Bell,  1911^).  This  evidence  favours 
the  view  that  in  fatty  metamorphosis  the  growth  of  the  liposomes  is 
due  mainly  to  the  accumulation  of  triolein. 

Ciaccio  (1909*,  1 9 1 0  •)  has  introduced  a  modification  of  Weigert's 
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method  of  etainmg  meduUated  ner\'e8  by  which  he  claims  to  dis- 
tinguish lipoids  from  true  fats.  He  believes  that  the  true  fata  are 
unaffected  by  his  fixative,  and  therefore  dissolved  by  the  fat  soIveDtB 
employed  in  embedding,  but  that  the  lipoids  are  reudered  insoluble  bo 
that  tbey  are  not  removed.  The  parafhn  sections  are  fixed  on  the 
slide  and  stained  with  a  simple  alcoholic  solution  of  audan  iil.  The 
lai'ge  fat  globules  of  the  connective  tissue  cells  are  not  shown,  but  a 
great  many  tissues  show  numerous  sudanophil  droplets. 

By  making  smears  of  triolein  and  oleic  acid '  on  cigarette  paper 
(Wlassak's  method)  I  have  found  that  both  of  these  fats  give  positive 
results  by  Ciaccio's  method.  This  method  does  not  therefore  distin- 
guish true  fats  from  lipoids  accurately ;  but  it  is  neverthelesB  a  valuable 
addition  to  our  technique. 

Kasarinoff  (1910  ")  has  used  Ciaccio's  method  to  distinguish  true 
fats  from  lipoids  in  both  normal  and  pathological  tissues. 

It  is  seldom  possible  to  show  any  of  the  muscle  liposomes  of  the 
rat  by  Ciaccio's  technique ;  but  by  making  certain  modifications  of  his 
method,  eu^ested  by  the  previous  work  of  Lorrain  Smith,  Mair,  and 
Thorpe  (1908**),  I  have  succeeded  in  demonstrating  a  large  percentage 
of  the  more  refractive  liposomes  in  paraffin  sections.  The  fresh  tissues 
are  fixed  in  10  per  cent,  potassium  bichromate,*  twenty-four  to  seventy- 
two  hours,  at  37°  C.  They  are  then  embedded  in  paraffin  and  stained 
as  Ciaccio  recommends.  Probably  the  bichromate  treatment  must  be 
varied  in  accordance  with  the  particular  fat  that  is  to  be  fixed. 
Ciaccio's  method  fixes  the  more  readily  oxidisable  fat.  A  small 
droplet  is  more  readily  oxidised  than  a  large  one.  Probably  the 
physical  arrangement  of  the  molecules  in  some  droplets  is  more 
favourable  to  oxidation  than  in  others.  Lorrain  Smith  and  Mair 
(1910")  were  able  to  fix  unsaturated  fats  and  lipoids  by  the 
bichromate  treatment. 


SUMUABY. 

A  marked  fatty  metamorphosis  may  be  produced  in  the  leg 
muscles  of  a  rat  by  the  application  of  a  ligature  around  the  thigh. 

In  the  fibres  of  the  ligatured  leg  the  interstitial  granules  (lipo- 
somes) stain  with  greater  intensity  and  are  considerably  larger  than 
those  of  the  normal  fibres. 

The  size  of  the  fat  droplets  in  the  ligatured  leg  depends  upon  the 
amount  of  fat  in  the  body.  In  a  very  fat  rat  they  are  very  large 
(Plate  XVIII.  Fig.  4) ;  in  a  moderately  lean  rat  they  are  much  smaller 
(Plate  XVIII.  Fig.  2),  and  in  extreme  inanition  they  are  absent. 

'  The  Tsts  were  obUiaed  Irom  Kkhlbaum. 

'  A  much  better  tiwiie  fixatioD  bu  recently  been  obttined  b;  adding  5  cnbio  csuti- 
metrea  ot  acetic  acid  to  each  100  cubic  centimetrea  of  10  per  cent,  polssaiani  bichromate. 
Sometime  better  results  ara  obtained  by  cbromatiDg  at  4S°  C. 
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A  rat  fed  on  a  diet  rich  in  fat  shows  a  rapid  increase  in  the 
muBcle  liposomes  very  similar  to  pathological  fatty  metamorphosis. 

In  fatty  metamorphosis  new  liposomes  first  appear  as  very  small 
faintly  staining  droplets  which  gradually  increase  in  size  and  staining 
capacity. 

Pathological  fatty  metamorphosis  is  similar  to  the  normal  process. 
It  consists  in  an  increase  in  the  size,  staining  capacity,  and  often 
the  number  of  the  liposomes. 

A  part  of  the  fat  is  already  present  in  the  fibres  when  the  patho- 
logical fatty  metamorphosis  begins  (Plate  XVIII.  Figs.  1  and  3). 

The  increase  of  the  size  of  the  liposomes  is  probably  due  to  the 
accumulation  of  triolein. 
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DEeCBIPTION  OF  PLATE  XVIII. 

d  with 

Fid.  1. — Croas-aection  of  a  (1»rk  iddscU  fibre  from  tbe  vastiu  interniediiiBof  the  Dontuillflg 

of  ft  Tat,  Ho.  54,  Gronp  A.    ( x  BOO.) 
Fio.  2. — Cross-sectioQ  of  ■  d*rk  fibre  ftroiu  the  vastaa  iatenneJina  of  the  ligatured  lag. 

No.  54,  Group  A.    (x800.) 
Fio.  3.  — CroGa-sectioD  of  a  amall  dark  fibre  from  the  Taatoa  int«nnKliiM  of  the  normal  le^ 

No.  59,  Group  B.    ( x  800.) 
Fig.  4. — Crosa'aection  of  a  large  dark  fibre  from  the  Taatae  intemiediuB  of  a  ligatured  1^ 

No.  59,  GroapB.     (xSOO.) 
Flo,  6.— LoDf^tadiDal  section  of  part  of  a  dark  fibre  from  the  right  vaatna  intermediua  of 

a  ver^  lean  rat,  No.  GS.     From  a  piece  of  mnacls  removed  at  the  tx^nning 

of  the  experiment.     (xl600.) 
Fig.  6.— LoDgitadinal  eectlon  of  a  dark  fibre  from  the  left  vastua  intermedina  of  rat  No.  ES 

after  eight  daja  feeding  with  fat  meat  and  atarch.     Tbe  dark  fibres  in  other 

parts  of  the  mnaculatare  resemble  the  one  shown  in  the  figures.     (xlSOO.) 
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NERVUS  TERMINALIS  IN  REPTILES  AND  MAMMAI^ ' 
J.  B.  JOHNSTON 

From  the  Inatitnte  of  Anatomy,  UnivertUy  of  Minnesota 


The  table  on  the  following  pages  will  show  in  the  briefest  form 
the  occurrence  and  relations  of  the  nervns  terminalis  in  various 
vertebrates. 

In  all  the  forms  in  which  the  nerve  enters  the  olfactory  bulb 
it  has  been  shown  that  its  fibers  pierce  the  formatio  olfactoria 
to  pass  on  to  their  proper  endings  in  some  part  of  the  forebrain. 
Where  the  nerve  is  described  as  entering  the  brain  near  the  pre- 
optic recess  it  is  quite  probable  that  the  point  of  entrance  is 
near  the  neuroporic  recess  as  in  selachians.  In  both  cases  at 
any  rate  the  root  has  its  attachment  to  the  brain  beside  the 
lamina  terminalis.  From  these'  facts  it  appears  that  the  nervus 
terminaJis  in  most  fishes  and  amphibians  is  a  gangUonated  nerve 
•whose  root  enters  the  forebrain  caudal  to  the  olfactory  bulb, 
usually  near  the  site  of  the  embryonic  neuropore,  and  whose 
fibers  are  distributed  to  the  wall  of  the  nasal  sac.  The  presence 
of  bipolar  gangUon  cells  in  the  course  of  the  nerve  shows  that 
it  is  in  part  at  least  a  receptive  nerve.  Whether  there  are  also 
efferent  fibers  of  the  sympathetic  type  (vaso-motor)  or  other 
components  in  the  nerve  can  not  be  determined  at  present. 

The  purpose  of  this  paper  is  to  give  a  general  description  of 
the  nerve  as  it  appears  in  certain  reptilian  and  mammalian 
embryos,  I  wish  to  acknowledge  my  great  obligation  to  Dr.  G. 
Carl  Huber  who  has  kindly  given  me  the  free  use  of  his  excellent 
collection  of  human  and  other  embryos.  The  embryos  studied  in 
his  laboratory  are  indicated  below. 

'Neurological  Studies  from  the  Inatitute  of  Aaatomy,  Univereily  of  Minne' 
sot  a,  No.  17. 
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PIG  EMBRYOS 

The  ganglion  of  the  nervus  tenninalis  (ganglion  terminale)  is 
distinguishable  in  the  9  mm.  pig  and  the  nerve  has  been  seen  in 
all  the  specimens  examined  of  various  stages  up  to  53  mm.  It 
is  most  conspicuous  in  embryos  of  15  to  25  mm.  after  which  it 
seems  to  grow  smaller.  It  was  not  seen  in  the  later  stages  exam- 
ined, namely,  of  74  mm.  and  90  mm. 

In  the  22  mm.  embryo  (fig.  1)  the  root  of  the  nerve  enters  the 
brain  at  the  ventral  (rostral)  end  of  the  fissura  prima  (His). 
The  root  fibers  are  traceable  for  some  distance  caudally,  i.e., 
towai'd  the  anterior  commission.  In  figure  1  only  the  portion  of 
the  ner\'e  which  contains  ganglion  cells  has  been  modelled.  The 
elongated  ganglion  terminale  extends  rostrally  along  the  medial 
side  of  the  root  of  the  olfactory  nerve  and  continues  for  some 
distance  along  the  four  primary  branches  into  which  the  nerve 
divides.  From  each  of  the  free  ends  of  the  ganglion  shown  in 
the  model,  strands  of  nerve  fibers  extend  peripherally.  In  this 
embryo  the  ganghon  terminale  is  independent  of  the  mass  of 
cells  IjQi^  among  the  root  bundles  of  the  olfactory  nerve  known 
to  older  authors  as  the  'olfactory  gangUon.'  In  other  embryos 
the  two  masses  of  cells  are  frequently  more  closely  related  (fig.  5). 
The  gai^Uon  terminale  may  easily  have  been  seen  by  earlier 
workers  and  considered  by  them  to  be  a  part  of  the  so-called 
olfactory  ganghon.  The  cells  of  the  latter  have  the  appearance 
of  neurilemma  cells,  beii^  slender  or  flattened  cells  taking  a 
moderate  stain  in  carmine.  The  cells  of  the  ganghon  terminale 
have  latter,  more  globular  nuclei,  are  more  closely  packed  and 
take  a  deeper  stain. 

The  peripheral  branches  of  the  nerve  in  this  22  mm.  embryo 
pass  down  through  the  septum  in  several  strands  which  end  in 
the  wall  of  the  vomero-nasal  ot^an  and  in  a  small  area  of  the 
wall  of  the  nasal  sac  immediately  adjacent. 

The  peripheral  course  of  the  nerve  is  much  more  readily  fol- 
lowed in  sagittal  sections.  A  model  made  from  sagittal  sections 
of  a  15  mm.  embryo  is  drawn  in  figure  3.  Here  the  root  of  the 
nerve  occupies  the  same  position  as  in  the  previous  embryo. 
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The  ganglion  is  more  compact  and  lies  in  the  angle  between  the 
olfactory  bulb  and  the  forebrain  proper.  Peripherally  the  strands 
of  the  nerve  pass  through  a  depression  in  the  medial  wall  of  the 
olfactory  sac,  divwge  a  little  from  one  another  and  converge 
again  slightly  to  end  in  the  wall  of  the  vomero-nasal  organ.  One 
strand  passes  to  the  nasal  sac  rostra!  to  the  vomero-nasa!  organ. 

In  figure  2  are  shown  the  ganglion  and  root  as  they  appear 
in  sagittal  section  of  a  19  mm.  embryo.  The  root  fibers  as  they 
pass  caudad  in  the  brain  wall  are  accompanied  by  slender  elon- 
gated cells. 

In  the  53  mm.  embryo  the  differentiation  of  gray  masses  in 
the  brain  has  gone  far  enough  to  make  it  possible  to  determine 
the  general  relations  of  the  root.  In  figure  6  A,  which  represents 
a  transverse  section  of  the  rostral  end  of  the  forebrain,  the  medio- 
dorsal  cortex  is  seen  extending  down  in  the  medial  wall  of  the 
hemisphere  and  ending  abruptly.  The  lower  portion  of  this 
medial  cortex  is  the  developing  hippocampus.  Below  it  is  the 
precommissural  or  paraterminal  body  of  Elliot  Smith.  The 
boundary  line  between  the  two  corresponds  to  the  zona  limitans 
which  separates  the  hippocampa!  primordium  from  the  precom- 
missural body  in  such  primitive  forms  as  selachians.  In  this 
section  the  root  of  the  nervus  terminalis  is  seen  enterng  the 
brain  a  little  below  the  border  of  the  hippocampal  tortex.  The 
16  mm.  pig  (fig.  5  A)  shows  the  nerve  just  above  the  tuberculum 
olfactorium.  As  the  writer  has  shown  elsewhere  ('11),  the  nervus 
terminalis  in  certain  typical  selachians  follows  the  zona  limitans 
and  is  lost  in  the  brain  substance  near  the  neuroporic  recess. 
It  is  therefore  clear  that  the  nervus  terminalis  enters  the  brain 
in  the  pig  in  the  same  relations  as  in  selachians.  Peripherally  the 
nerve  in  the  53  mm.  pig  bears  essentially  the  same  relations  as 
in  the  younger  stage  described.  The  ganglion  is  more  slender 
and  the  nerve  gives  the  appearance  of  being  reduced  in  size 
actually  as  well  as  relatively. 

I  have  not  yet  been  fortunate  in  securing  a  Golgi  impregnation 
of  the  root  of  this  nerve  in  the  pig.  Peripherally  it  takes  the 
silver  impregnation  fairly  well  and  its  distribution  to  the  vomero- 
nasal organ  has  been  verified  by  this  method.    A  few  bipolar 
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ganglion  cells  connected  with  its  fibers  have  been  stained  also. 
Further,  a  single  preparation  shows  fibers  which  leave  the  periph- 
eral strands  of  this  nerve  just  distal  to  its  ganglion,  to  join  the 
root  of  the  olfactory  nerve  and  enter  the  olfactory  bulb.  This 
shows  that  the  peripheral  strands  which  have  been  described  as 
nervus  terminalis  contain  also  the  fibers  which  persist  in  the  adult 
as  the  vomero-nasal  nerve. 

THE  SHEEP 

In  embryos  of  the  sheep  of. about  15  and  20  mm.  the  nervus 
terminahs  is  clearly  present.  Its  gangUon  is  somewhat  less 
sharply  defined  but  in  general  it  presents  the  same  relations  as 
in  pig  embryos. 

HUMAN    EMBRYOS 

In  an  embryo  in  the  writer's  collection  (H.  16)  of  15.3  mm, 
ganglion  cells  appear  medial  to  the  root  of  the  olfactory  nerve 
in  a  position  corresponding  to  that  of  the  nervus  terminalis  in 
the  pig.  There  are  groups  of  ganglion  cells  found  also  in  the 
ventral  and  lateral  parts  of  the  olfactory  nerve.  They  are  dis- 
tinguished from  neurilemma  cells  by  their  larger  size,  globular 
nuclei  and  deeper  stain.  The  bundles  of  the  nervus  terminalis 
can  not  be  tcaced  in  this  embryo  but  the  position  of  these  gan- 
glion cells  suggests  that  the  nervus  terminalis  may  be  distributed 
in  part  to  the  lateral  wall  of  the  nasal  sac. 

In  an  embryo  of  9.5  mm.  the  gangfion  terminale  can  not  be 
distinguished  as  it  can  be  in  pig  embryos  of  the  same  length. 
This  embryo  was  received  very  fresh  and  its  fixation  is  excellent. 

The  embryo  xlvii  of  the  Huber  collection,  31  mm.  in  length, 
is  cut  in  faultless  sagittal  sections  15**  in  thickness  and  stained 
in  hematoxyhn  and  congo  red.  A  model  has  been  made  of  a 
suflicient  portion  of  the  right  half  of  the  brain  adjacent  to  the 
median  plane  to  show  the  relations  of  the  nervus  terminalis 
(fig.  4).  The  olfactory  bulb  is  well  formed  and  the  fissura  prima 
is  begun  in  the  medial  wall  of  the  hemisphere.  From  the  ventro- 
medial surface  of  the  brain  at  the  level  of  the  fissura  prima,  and 
therefore  behind  the  olfactory  bulb,  spring  three  small  roots,  two 
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of  them  more  medially  and  in  contact  with  one  another,  the 
third  twelve  sections  farther  laterally.  The  three  roots  uniie 
upon  the  ventro-medial  surface  of  the  olfactory  nerve  and  there 
enter  a  distinct  small  ovoid  or  pear-shaped  ganglion  terminale. 
From  the  distal  border  of  this  ganglion  go  off  strands  of  nerve 
fibers  which  mingle  with  those  strands  of  the  olfactory  nerve 
which  run  down  in  the  nasal  septum.  The  ganglion  terminale 
is  closely  connected  distally  with  these  olfactory  strands,  which 
present  the  appearance  of  a  network,  and  the  nervus  terminalis 
is  lost  at  this  point. 

On  the  left  side  in  this  embryo  only  one  root  was  seen,  the 
ganglion  was  somewhat  more  diffuse  and  more  intimately  con- 
nected with  the  olfactory  strands  in  the  septum. 

Two  other  embryos  in  the  Huber  collection,  vr  and  xxxiii, 
each  between  15  and  16  mm.  in  length,  show  the  nervus  termi- 
nahs,  but  less  clearly  than  the  31  mm.  embryo.  A  drawing  from 
one  of  them  is  given  in  figure  7.  The  ganglion  cells  do  not  show 
as  clearly  in  these  sections  as  in  the  writer's  embryo  of  the  same 
stage  (H.  16),  but  they  supplement  the  latter  by  showing  the 
root  in  the  usual  position. 

A  fourth  embryo  in  the  Huber  collection,  ixl,  47  mm.,  shows 
the  relations  of  the  nervus  terminalis  clearly.  It  arises  from  the 
hemisphere  just  caudal  to  the  olfactory  bulb  (fig.  8),  passes 
rostrad  ventro-medial  to  the  bulb,  comes  in  contact  with  the 
rostromedial  surface  of  the  'olfactory  gangUon'  on  the  distal  end 
of  the  bulb,  and  then  joins  the  strands  of  the  olfactory  nerve  so 
that  it  could  not  be  followed  farther. 

It  should  be  emphasized  that  in  both  the  31  mm.  and  47  mm. 
embryos  it  is  perfectly  clear  that  the  nervus  terminalis  joins  with 
numerous  strands  of  the  olfactory  nerve  to  make  up  the  network 
of  nerve  bundles  in  the  septum  nasale.  The  writer  was  unable 
to  demonstrate  that  the  nervus  terminalis  was  restricted  to  the 
immediate  vicinity  of  the  vomero-nasal  organ  as  is  the  case  in 
the  pig. 
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EMYS  LUTARU 

Two  embryos  of  this  turtle  were  studied  in  Dr.  Hiiber's  labo- 
ratory. In  embryo  F,  10  mm.  in  length,  the  nervus  terminalia 
arises  from  the  rostral  end  of  the  media!  wall  of  the  hemisphere, 
caudal  to  the  olfactory  bulb,  descends  over  the  medial  surface  of 
the  bulb  and  olfactory  nerve  and  bears  clumps  of  ganglion  cells 
at  several  points  of  its  course  (fig.  9).  It  comes  into  close  rela- 
tion with  the  dorsal  division  of  the  olfactory  nerve  but  is  dis- 
tinguishable from  it. 

The  peripheral  distribution  of  the  nerve  is  clearer  in  the  20  mm. 
embryo  {K),  in  which  it  becomes  more  closely  related  to  the 
dorsal  division  of  the  olfactory  nerve.  As  shown  in  figure  11, 
the  formatio  olfactoria  in  the  bulb  is  divide  into  dorsal  and 
ventral  portions.  The  dorsal  portion  receives  the  dorsal  division 
of  the  olfactory  nerve  and  the  appearances  in  the  bulb  alone 
strongly  surest  comparison  with  the  vomero-nasal  nerve  and  the 
accessory  bulb  into  which  it  enters  in  marsupials  and  mammals. 
When  the  dorsal  division  of  the  olfactory  nerve  is  traced  distally, 
however,  it  is  found  to  take  a  peculiar  course  which  is  illustrated 
diagrammatically  in  figure  10.  It  remains  distinct  from  the  ven- 
tral division,  passes  downward  in  the  septum  over  the  wall  of 
a  medial  diverticulum  of  the  nasal  sac,  turns  laterad  beneath  the 
sac  and  is  distributed  to  the  wall  of  the  most  lateral  portion  of 
the  nasal  sac,  situated  beneath  the  orbit.  This  course  and  dis- 
tribution seems  to  preclude  the  possibility  of  comparing  this  dor- 
sal division  of  the  nerve  with  the  vomero-nasal  nerve  of  mammals. 
The  medial  diverticulum  of  the  nasal  sac  in  this  embryo  seems 
to  be  the  beginning  of  the  vomero-nasal  oi^an,  and  this  is  inner- 
vated by  the  ventral  division  of  the  olfactory  nerve  and  in  part 
by  the  nervus  terminaUs  (fig.  10). 

The  nervus  terminalis  appears  in  sagittal  sections  rather  far 
dorsally  in  the  medial  wall  of  the  hemisphere  (fig.  12  A).  It 
passes  forward  over  the  medial  wall  of  the  bulb,  converging  with 
its  fellow  until  they  touch  where  the  tips  of  the  olfactory  bulbs 
approach  closest  to  the  median  plane  (fig.  12  C).  The  nerve  then 
passes  alongside  the  dorsal  division  of  the  olfactory  nerve  and 
becomes    somewhat  mii^led  with  it.     At  intervals  groups  of 
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ganglion  cells  appear  in  the  dorsal  division,  which  the  writer 
attributes  to  the  nervus  terminalis  (fig.  12  D,  E).  As  the  olfactory 
nerve  approaches  the  nasal  sac,  its  ventral  division  spreads  out 
to  innervate  the  medial  diverticulum  as  well  as  the  dorso-lateral 
wall  (fig.  10,  12  D).  The  dorsal  division  breaks  up  into  several 
strands  which  pass  downward  over  the  medial  surface  of  this 
diverticulum  to  run  beneath  the  nasal  sac  and  reach  its  extreme 
lateral  portion  as  above  described.  Meantime  several  small 
strands  leave  the  dorsal  division  and  bend  rostrad  over  a  partly- 
separate  rostral  portion  of  the  medial  diverticulum,  to  which 
they  are  distributed.  These  small  strands  bear  clumps  of  gan- 
glion cells  (fig.  12  E)  which  mark  them  as  strands  of  the  ner\Tis 
terminalis. 

Taking  both  the  10  and  20  mm.  embryos  into  account,  it  may 
be  said  that  the  ganghon  terminate  in  Emys  is  scattered  in  clumps 
of  variable  size  along  the  nerve  from  its  root  to  the  terminal 
branches  near  the  nasal  sac. 

The  foregoing  description  shows  that  in  the  embryos  of  certain 
reptiles  and  mammals  the  ner\Tjs  terminafis  enters  the  brain  at 
a  point  somewhat  removed  from  the  median  plane  but  otherwise 
holding  the  same  relation  to  the  primordium  hippocampi,  pre- 
commissural body  and  neuroporie  recess  which  the  root  holds  in 
selachians.  Its  fibers  arise  from  bipolar  ganglion  cells  which  are 
collected  into  a  compact  ganglion  terminale  (pig)  or  are  gathered 
into  several  clumps  in  the  course  of  the  nerve  and  its  branches 
(turtle).  In  the  pig  the  nervus  terminalis  is  clearly  distributed 
to  the  vomero-nasal  organ  and  in  the  turtle  to  a  medial  diver- 
ticulum of  the  nasal  sac  which  presumably  corresponds  to  the 
vomero-nasal  oi^an  or  a  part  of  it.  In  man  the  fibers  mingle 
with  the  olfactory  strands  of  the  nasal  septum. 

Two  authors  have  dealt  with  the  nervus  terminalis  in  mam- 
mals, de  Vries  ('05)  and  DoUken  ('09).  De  Vries'  paper  is  not 
accessible  to  me,  but  from  the  references  to  it  by  other  authors 
it  appears  that  he  recognized  a  vomero-nasal  nerve  and  vomero- 
nasal ganglion  whose  root  entered  the  medial  surface  of  the 
rhinencephalon  caudal  to  the  bulbus  olfactorius.  He  saw  also 
gallon  cells  scattered  in  the  course  of  the  nerve.     He  inter- 
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preted  the  entire  structure  a-s  the  equivalent  of  the  nervus 
termhialis  of  fishes, 

DoUken's  paper  has  come  into  my  hands  since  the  present 
manuHcript  was  finished  and  the  figures  drawn.  DoUken's  de- 
scription of  the  ner\'us  terminalis  and  ganglion  terminale  in 
mouse,  rabbit,  and  human  embryos  is  in  essential  agreement  with 
the  abo\'e  account  for  the  pig,  sheep  and  man.  The  central  con- 
nections of  the  root  may  be  passed  over  briefly.  Only  DoUken's 
root  c  ending  in  the  septum  corresponds  to  the  root  seen  by  me. 
The  continuity  of  nervus  terminalis  roots  with  fibers  leading  to  the 
g>-rus  fornicatus  and  hippocampus  seems  to  the  writer  to  require 
confirmation.     It  is  not  clearly  demonstrated  in  Dollken'-s  figures. 

DoUken  apparently  regards  the  nervus  terminalis  as  the  special 
ner\-e  of  the  vomero-nasal  organ.  He  describes  a  part  of  its 
fibers  at  least  as  arising  from  cells  in  the  \'omero-naaal  epithelium. 
He  uses  the  name  ganglion  terminale  as  synonymous  with  'gan- 
glion vomero-nasale'  of  de  Vries  and  'Nebenbulbus'  of  v.  Gudden, 
Kolliker  and  others.  "Am  oralen  Ende  der  Hemisphare  liegt 
medial  das  Ganglion  terminale  (Ganglion  nasale,  Ganglion  vo- 
mero-nasale, Nebenbulbus)."  From  this  it  would  appear  that 
he  considers  the  ganglion  terminale  as  the  primary  center  for  the 
vomero-nasal  nerve  and  he  has  been  so  understood  by  McCotter 
('12,  pp.  302,  316).  This  is,  however,  wholly  inconsistent  with 
DoUken's  clear  description  of  roots  from  the  ganglion  terminale 
to  the  paraterminal  body  and  other  regions  of  the  hemisphere, 
and  with  his  comparison  of  the  cells  of  the  gangUon  terminale 
with  those  of  spinal  and  cerebral  gangha  (p.  23).  On  the  other 
hand,  it  appears  very  probable  to  the  writer  that  DoUken  has 
failed  to  recognize  the  clear  distinction  which  exists  between  the 
gangUon  terminale  and  the  cells  lying  among  the  olfactory  nerve 
fibers  ('olfactory  ganglion')  which  later  produce  neurilemma  cells. 
Comparison  of  his  figures  1  and  2  with  the  conditions  in  the  pig 
(figs.  1  and  3  of  this  paper)  suggests  that  DoUken  has  in  view 
in  these  stages  of  the  mouse  chiefly  or  solely  olfactory  fibers 
entering  the  formatio  bulbaris  and  that  the  ganglion  terminale 
of  these  figures  is  only  the  'olfactory  ganglion'  of  older  authors. 
The  apparent  reduction  in  the  number  of  ganglion  cells  in  the 
course  of  the  nerve  in  later  mouse  embryos  (p.  17)  would  be 
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accounted  for  on  the  supposition  that  the  cells  seen  in  early 
stages  had  developed  into  neurilemma  cells.  In  Dollken's  figures 
4  and  22  the  nervus  terminalis  is  distinct  from  the  olfactory 
nerve  and  the  root  c  of  these  figures  corresponds  to  the  only  root 
seen  by  the  writer.  The  fibers  of  Dollken's  root  a  (fig.  3)  appear 
in  my  preparations  to  belong  to  the  olfactory  nerve. 

Dollken  clearly  confirms  the  work  of  earlier  authors  both  as 
to  fibers  arising  from  the  cells  of  the  vomero-nasal  epithelium  and 
as  to  free  nerve  endings  in  this  organ.     He  says: 

Im  Ruysch'schen  Gang  (Jakobsoa'schen  Organ)  und  zivar  nie  an  der 
Schleimhautoberflache  finden  sich  spindelformige  Zellen  mit  einer 
Fibrillenkontur,  die  einen  Fortsatz  in  die  Nervenstrecke  des  Nervus 
terminalis  senden  (Taf.  IV,  Fig.  16).  Ausserdem  laufen  glatte  Fasern 
vom  Nerven  bis  zur  Oberflache  der  Schleimhaut,  ohne  in  Verbindung 
mit  einer  Zelle  des  Sinnesorgans  zu  treten.  Diese  Fasern  sind  aueh 
von  V.  Lenhoss^k  u.  A.  gesehen  und  beschrieben  worden.  Sie  kommen 
in  der  ganzen  Riechschleimhaut  vor.  Manche  Autoren  haben  die 
Vermutung  geaussert,  ee  konne  sich  lun  Trigerainusfasern  handeln.  FQr 
die  entsprechenden  frUhen  Fasern  des  Ruysch'schen  Ganges  glaube  ich 
diese  Annahme  ausschliessen  zu  konnen.  Sie  stammen  von  Ganglien- 
isellen  des  Terminalnerven, 

From  this  it  is  clear  that  two  kinds  of  fibers  are  present  in 
the  nervus  vomero-nasalis  of  de  Vries  and  nervus  terminalis  of 
DoUken,  some  arisii^  from  true  olfactory  sense  ceils  in  the  vomero- 
nasal oi^an  as  described  by  v.  Brunn  ('92),  v.  Lenhossek  ('92) 
and  Read  ('08),  and  others  arising  from  the  cells  of  the  ganglion 
terminale. 

The  vomero-nasal  nerve  of  mammals  is  not  the  homologue  of 
the  nervus  terminalis  of  fishes.  The  two  nerves  exist  side  by 
side  in  mammalian  and  reptilian  embryos.  The  vomero-nasal 
nerve  arises  from  cells  in  the  nasal  mucosa  indistinguishable  from 
typical  olfactory  sense  cells,  while  the  nervus  terminalis  arises 
from  bipolar  ganglion  cells  situated  on  the  course  of  the  nen-e 
and  resembling  cerebro-spinal  ganglion  cells.  The  vomero-nasal 
nerve  enters  the  bulbus  olfactorius  where  it  has  a  special  part 
of  the  formatio  olfactoria  as  its  center  (the  so-called  accessory 
bulb  or  the  formatio  vomero-nasalis).  The  nerviis  terminalis 
enters  the  hemisphere  caudal  to  the  bulb  in  entirely  different 
relations.     The   nervus   terminalis   in   mammaUan   embryos   is 
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clearly  a  ganglionated  ner\'e  connected  with  the  neuroporic  region 
of  the  forebrain  and  supplying  free  nerve  endings  to  the  vomero- 
nasal organ  and  probably  to  a  variable  part  of  the  nasal  sac. 
The  olfactory  fibers  arising  in  the  vomero-nasal  oi^an  run  in  the 
same  bundles  with  the  nervus  terminalis,  but  enter  the  bulbus 
olfactorius. 

The  existence  of  this  nerve  in  adult  fishes  and  amphibians  and 
in  embryonic  reptiles  and  mammals  warrants  a  careful  search  for 
it  in  adult  reptiles  and  mammals.  Already  McCotter  ('12)  has 
found  strands  connected  with  the  vomero-nasal  ner\'e  in  the  adult 
dog  which  enter  the  brain  in  the  proper  position  for  the  nervus 
terminalis.  Further  studies  may  show  this  ner\'e  present  in  adult 
turtles  and  snakes  and  in  various  mammals.  It  is  probable  that 
this  region  of  the  adult  human  brain  has  ne^'er  been  studied  in 
any  way  that  is  favorable  to  the  discovery  of  this  nerve  if  it 
should  be  present. 

Discussion  of  either  the  morphological  or  physiological  signifi- 
cance of  the  nervus  terminalis  would  >  not  be  profitable  at  this 
time.  It  is  clear  that  there  exists  in  the  most  anterior  vertebrate 
segment  a  receptive  nerve  in  addition  to  the  olfactory.  The 
olfactory  and  the  nervals  terminalis  may  be  regarded  as  two 
components  of  a  segmental  nerve,  analogous  to  the  gustatory  and 
general  cutaneous  components  which  exist  together  in  the  VII  or 
the  IX  cranial  nerves  in  some  fishes.  That  the  olfactory  nerve 
and  nervus  terminalis  have  come  to  have  separate  roots  and 
very  widely  differentiated  centers  is  no  bar  to  this  view.  For  the 
two  components  in  the  VII  or  IX,  or  in  any  nerve,  have  differ- 
entiated centers  and  in  many  cases  the  fibers  of  one  component 
in  a  cranial  nerve  become  segregated  at  their  entrance  into  the 
brain  so  as  to  form  one  or  more  pure  rootlets.  It  is  possible  that 
the  nervus  terminalis  contains  one  or  more  other  components 
still.  Brookover's  work  on  Amia  seems  to  show  that  this  nerve 
has  a  relation  with  the  head  sympathetic  and  that  the  larger 
part  of  the  cells  in  its  course  are  sympathetic  cells  concerned 
probably  in  vaso-motor  functions.  About  forty  fibers  constitute 
the  forebrain  root  of  the  ganglion  terminale.  These  Brookover 
would  regard  as  preganglionic  sympathetic  fibers.  This  inter- 
pretation would  not  be  tenable  if  these  fibers  are  the  axones  of 
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cells  in  the  ganglion  as  he  implies  in  his  conclusions  {p.  114). 
If  they  are  axones  of  peripheral  ganglion  cells,  they  are  best 
regarded  as  receptive  fibers,  as  the  writer  has  considered  them  in 
other  fishes.  That  some  of  the  cells  derived  from  the  olfactory 
placode  along  with  the  ganglion  terminale  should  develop  into 
sympathetic  ganglion  cells  is  no  more  than  might  be  expected 
in  \iew  of  the  origin  of  sympathetic  ganglion  cells  from  the  spinal 
ganglia.  Whether  any  sympathetic  roots  remain  connected  with 
the  telencephalon  as  a  component  of  the  nervus  terminalis  is 
still  uncertain. 

The  continuation  of  some  of  the  fibers  of  this  nerve  in  urodeles 
to  the  hypothalamus  and  probably  to  the  interpeduncular  region 
of  the  mesencephalon  as  described  by  McKibben  is  very  remark- 
able. Taken  together  with  the  apparent  absence  of  a  ganglion 
terminale  this  suggests  the  hypothesis  that  these  may  be  efferent 
(sympathetic)  fibers  such  as  Brooko\-er  supposed  to  be  present 
in  Amia.  Upon  this  point  the  writer  would  offer  the  observation 
that  in  a  35  mm.  larva  of  Ambly-stoma  punctatum  collections  of 
ganglion  cells  are  found  on  two  of  the  three  branches  of  the  olfac- 
tory nerve  which  supply  the  vomero-nasal  organ.  In  view  of 
the  discussion  over  the  vomero-nasal  organ  of  amphibians  it 
should  be  said  that  the  development  of  the  or^an  has  been  traced 
in  .\mblystoma.  It  arises  as  a  medial  diverticulum  from  the 
ventral  part  of  the  thick  olfactory  epithelium  of  the  nasal  sac  a 
short  time  before  the  choanae  are  open  into  the  mouth.  Later 
a  rotation  of  the  nasal  sac  and  the  vomero-nasal  organ  takes 
place,  such  that  this  organ  comes  to  hold  the  relations  of  a  lateral 
diverticulum  in  the  35  mm.  larva.  The  diverticulum  very  early 
gives  rise  to  branched  tubular  glands  which  extend  medially  and 
lie  ventro-medial  to  the  nasal  sac.  The  nerve  supply  here  de- 
scribed is  further  evidence  that  this  diverticulum  is  the  homologue 
of  the  vomero-nasal  organ  of  reptiles  and  mammals,  as  held  by 
Burckhardt,  Seydet,  Hinsberg  and  others.  (For  the  Uterature, 
see  Peter  '02).  The  small  ganglia  mentioned  above  lie  near  the 
vomero-nasal  organ  and  correspond  to  the  gangUa  seen  near  the 
ends  of  the  branches  of  the  nervus  terminalis  in  turtle  embryos. 
As  described  by  McKibben  the  ner\Tis  terminaUs  is  imbedded  in 
the  olfactory  nerve  and  its  peripheral  course  was  not  seen.    The 
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ganglia  on  vomero-nasal  branches  of  the  olfactory  nerve  in  Am- 
blystoma  serve  to  identify  the  nervus  terminalis  peripherally, 
and  show  both  that  the  nerve  is  ganglionated  in  urodeles  and 
that  it  has  the  same  distribution  as  in  reptiles  and  mammals. 

The  evidence  at  present  in  hand  seems  to  establish  beyond 
doubt  the  presence  in  all  vertebrates  of  a  receptive  component 
in  the  nervus  terminalis  supplying  ectodermal  territory.  This 
component  is  derived  either  from  the  terminal  part  of  the  neural 
crest  (Johnston  '09  b,  Belogolowy '  12)  or  from  the  olfactory  placode 
(Brookover  '10).  The  ner\'e  is  distributed  to  the  nasal  mucosa 
or  to  a  specialized  part  of  it,  the  vomero-nasal  organ.  What  is 
needed  now  is  definite  knowledge  of  the  central  connections  and 
experimental  evidence  as  to  its  function. 

One  further  suggestion,  although  very  vague  in  its  present  form, 
may  be  hazarded  here.  The  close  association  of  the  nervus  ter- 
minalis with  the  vomero-nasal  organ  in  amphibians,  reptiles  and 
mammals  suggests  that  the  influence  of  this  nerve  in  the  fish- 
like ancestors  of  these  forms  may  have  been  an  important  factor 
in  the  differentiation  of  the  vomero-nasal  organ.  Also  it  may  be 
supposed  that  the  distribution  of  the  nervus  terminalis  in  fishes 
would  give  some  indication  as  to  the  portion  of  the  nasal  sac 
from  which  the  vomero-nasal  organ  has  been  derived. 

SUMMARY 

In  embryos  of  the  turtle,  pig,  sheep  and  man  there  is  found  a 
true  nervus  terminalis  consisting  of  a  ganglionated  nerve  whose 
root  enters  the  telencephalon  caudal  to  the  bulbus  olfactorius. 

This  nerve  exists  in  addition  to  the  nervus  vomero-nasalis  in 
mammals,  and  the  nervus  terminalis  is  distributed  chiefly  to  the 
vomero-nasal  organ.  The  olfactory  fibers  arising  from  the  vo- 
mero-nasal organ  separate  from  the  nervus  terminalis  to  enter 
the  olfactory  bulb. 

The  nerve  root  enters  the  brain  in  the  line  of  separation — zona 
limitans — between  the  hippocampus  above  and  the  precommis- 
sural body  and  tuberculum  olfactorium  below. 

In  Amblystoma  the  nervus  terminalis  is  ganglionated  and  sup- 
plies the  vomero-nasal  oi^an  as  in  reptiles  and  mammals. 
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ABBREVIATIONS 


f.i.,  foramen  interventr 
f.ii.d.,  formatio  olfactoi 


,,  formatio  olfaclo. 


tie 


a,  dorsal   por- 


g.t.,  ganglion  terminale 

hem.,  hemisphere 

m.,  margin  of  lamina  BUpraneuroporica 

med.div.,  medial  diverticulum  of  nasal 

n.o.a.,  nucleus  olfaetorius  anterior 

n.olf.,  nervus  olfactoriuH 

H.ol/.d.,  nervus  olfacloriua,  dorsal  root 


n.olf.v.,  nerviiB  olfactoriiin,  ventral  root 
».,  narial  opening 

n.L,  nervus  terminalis 
olf.ep.,  olfactory  epithelium 
pal.,  palate 
p.li,,  primordium  hippocampi 

i  neuroporicus 

i  pracoptieus 
s.,  eorpUB  striatum 
t.,  tectum  mesencephali 
t.r.,  tela  chorioidca 
t.o.,  tuberculum  olfaclorium 
V.I.,  lateral  ventricle 
t'-H.o.p  vomero-nasal  organ 


Fig.  1  Pig,  22  mm.  Model  of  rostral  part  of  right  hemisphere,  seen  from 
the  medial  surface.  The  bulbus  olfactorius  is  not  clearly  delimited  by  grooves 
but  the  root  of  the  olfactory  nerve  shows  its  position.  The  ganglion  terminale 
accompanies  the  root  and  four  branches  of  the  nervus  terminalis  which  rune 
obliquely  across  the  roots  of  the  olfactory  nerve.  The  point  r.p.  in  the  model  is 
just  above  and  rostral  to  the  preoptic  recess. 

Fig.  2  Pig,  10  mm.  Sagittal  section  through  the  rostral  part  of  the  left 
hemisphere.  The  spindle-shaped  ganglion  terminale  is  closely  related  to  a  broad 
collection  of  lightly  staining  cells  which  follows  the  contour  of  the  bulbus  olfac- 
torius. These  latter  cells  belong  to  the  neurilemma  cells  of  the  olfactory  nerve. 
Note  that  the  root  accompanied  by  flattened  cells  is  directed  toward  the  neuro- 
poric  recess. 
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Fig.  3  Pig,  15  mm.  Model  of  part  of  the  right  hemisphere  and  nasal  aac, 
seen  from  the  medial  surface.  The  model  includes  the  optic  etalk,  whoae  alit- 
shaped  cavity  is  Beeo,  and  the  medial  wall  and  frontal  pole  of  the  hemisphere. 
The  groove  in  the  hemisphere  is  the  Besura  prima  of  His.  The  root  of  the  nervus 
termiDalis  is  directed  backward  in  the  paraterminal  region.  The  olfactory 
nerve  forme  a  dark  background  for  the  ganglion  terminale  in  the  drawing.  It 
is  at  this  point  that  olfactory  fibers  coming  from  the  vomero-nasat  organ  sepa- 
rate from  the  nervus  terminalis  fibers  and  enter  the  olfactory  bulb  in  the  olfac- 
tory nerve  roots.  The  two  kinds  of  fibers  run  together  in  the  bundles  which 
go  to  the  vomero-nasal  organ. 

Fig.  4  Human  embryo  of  31  mm.  (Huber  collection  XLVii).  Model  of  rostral 
portion  of  right  hemisphere  showing  the  relations  of  the  nervus  terminalis.  The 
ganglion  terminale  is  distinct  from  the  root  of  the  olfactory  nerve  but  distally 
the  nervus  terminalis  fibers  mingle  with  olfactory  nerve  fibers. 
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Fig.  5  Pig,  16  mm.  Two  transverse  sections  of  the  rostral  part  of  the  hemi- 
spherea.  In  .1  the  root  of  the  norvus  terminalie  is  aeen  as  a  small  collection  of 
cells  lying  within  the  brain  beneath  the  lisaura  prima  and  above  the  tuberculum 
olfactorium.  In  B  the  ganglion  termiaale  is  shown  where  it  comes  in  contact 
with  the  root  of  the  olfactory  nerve.  The  ganglion  cells  are  separated  from 
the  neurilemma  cells  of  the  olfactory  nerve  by  a  small  blood  vessel.  The  gan- 
glion terminale  is  unusually  large  in  this  specimen. 

Fig.  6  Pig,  53  mm.  Two  transverse  sections  through  the  hemispheres  show- 
ing the  root  and  ganglion  of  the  nervus  lerminalis.  Note  that  the  root  enters 
the  brain  between  the  primordium  hippocampi  and  the  tuberculum  olfactorium. 
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Fig.  7  Human  embryo  of  about  15  mm.  (Huber  collection  Jcxxiii),  Sagittal 
Bection  through  the  root  and  ganglion  of  the  nervus  tenninalis.  Peripherally 
the  nerve  ie  lost  in  the  olfactory  bundles,  but  ita  ganglion  ia  distinct  and  the 
root  enteni  the  brain  in  the  characteriatic  position. 

Pig.  8  Human  embryo  of  47  mm.  (Huber  collection  ixl).  A  projection 
upon  one  plane  of  the  course  of  the  nervus  terminalis  from  ita  root  to  the  point 
where  it  mingles  with  the  olfactory  bundles.  The  area  coarsely  stippled  indicates 
the  position  occupied  by  the  mass  of  neurilemma  cells  among  the  root  bundles  of 
the  olfactory  nerve.  The  nervus  terminalis  runs  over  the  medial  surface  of  this 
mass  and  joins  olfactory  bundles  running  in  the  same  general  direction.  Only 
a  few  olfactory  fibers  are  sketched. 
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Fig.  9  Emys  lutaria,  10  mm.,  three  parasagittal  aectione.  In  A  the  nervus 
terminslia  enters  the  rostra)  end  of  the  hemisphere  oa  its  medial  surface.  It 
coDtoins  some  ganglion  cells.  In  B  the  olfactory  bulb  and  ventral  part  of  olfac- 
tory nerve  are  shown.  The  section  passes  through  a  ganglion  midway  of  the 
length  of  the  nervuB  terminalis.  In  C  a  peripheral  ganglion  is  cut  at  the  point 
where  the  aervus  terminalis  separates  from  the  dorsal  division  of  the  olfactory 
nerve  to  enter  the  wall  of  the  medial  diverticulum  (vomero-nasal  organ). 
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Fig.  10  Emys  lutaria,  20  mm.  Three  diagrams  to  illuatrate  the  course  of 
the  olfactory  nerve  and  aervuB  terminaliB.  In  A  the  nerves  are  projected  on  a 
paroaagittal  plane,  seen  from  the  medial  direction,  B,  a  projection  on  the  hori' 
lODtal  plane,  ventral  part  of  olfactory  nerve  omitted,  C,  a  diagrammatic  traoa- 
verse  section  of  the  nasal  sac.  That  part  of  the  nasal  sac  to  which  the  nervus 
terminalis  is  distributed  is  believed  to  be  the  vomero-nasal  organ. 

Fig.  11  Emys  lutaria,  20  mm.  Parasagittal  section  showing  the  dorsal  root 
of  the  olfactory  nerve  and  the  division  of  the  formatio  olfactoria  into  dorsal 
and  ventral  portions. 


Digitized  by  VjOOQIC 


Fig.  12  Five  sections  from  the  same  aeries  as  figure  11.  In  A  is  shown  the 
root  of  the  nervus  termin&Iia  entering  the  hemisphere  behind  the  olfactory  bulb. 
In  B  the  nerve  is  almost  in  contact  with  the  tip  of  the  olfactory  bulb  and  runs 
close  to  the  dorsal  olfactory  root.  In  C  the  nervus  termiualis  touches  its  fellow 
{compare  figure  10  B).  In  D  the  section  cuts  an  isolated  ganglion  on  the  course 
of  the  nervus  terminalis.  The  ventral  olfactory  is  spreading  out  to  its  endings. 
In  E  the  dorsal  olfactory  courses  ventrad  over  the  surface  of  the  medial  divert)- 
ticulum.  One  of  the  small  bundles  of  the  nervus  terminalis  is  seen  with  ganglion , 
cells. 
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ON  THE  TELEOSTEAN  FOREBRAIN 

J.  B.  JOHNSTON 

From  The  Inetitule  of  Anatomy,  University  0/  Minnesota 

THREE  FIOORES 


In  the  Journal  of  Comparative  Neurology  for  June,  1912, 
appears  a  paper  on  the  olfactory  centers  of  teleosts  by  Dr.  Sheldon, 
from  Professor  Herrick's  laboratory  in  the  University  of  Chicago. 
This  paper  was  submitted  for  publication  just  before  that  by 
the  writer  ('11  b)  which  appeared  in  the  same  Journal  for  Decern-  * 
ber,  1911.  Dr.  Sheldon  and  the  writer  carefully  examined  each 
other's  manuscripts  in  July,  1911.  Dr.  Sheldon's  paper  presents 
the  results  of  very  careful  study  of  a  lai^e  number  of  specimens 
of  the  carp  brain  prepared  by  the  most  approved  methods.  It 
is  the  object  of  this  note  to  point  out  the  agreement  as  to  facts 
in  the  two  papers  mentioned,  and  to  comment  briefly  on  the  dif- 
ferences of  interpretation  of  those  facts. 

The  following  table  will  indicate  at  once  the  corresponding 
structures  as  described  in  the  two  papers: 


Bulbus  oUactorius 

Nucleus  olfactorius  medi&lis 


Nucleus  olfactorius  lateralis 
Primordium  hippocampi 


ShtUon 

Formatio  bulbaris  and  nucleus  olfac- 
torius anterior 
Corpus  proecoramissurale 

Nucleus  medianua 

Pars  commisauralis 

Pars  aupra-commissuralis 

Pars  intermedia 
{Lateral  part  of  the  nucleus  median  us 

of  the  corpus  praecommissurale,! 
Nucleus  olfactorius  dorsalis 
Nucleus  olfactorius  lateralis 
Lob  us  pyriformis 
Nucleus  taeniae 
PalaeoBtriatum 
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Lobus  pyrifortnis  ILateral  part  of  nucleus  modianus;  plus 

the  nucleus  commissural  is  lateralis?] 

Somatic  area  Nucleus  entopeduncularis  and  diffuse 

cells  about  it  and  perhaps  the  nucleus 
commissural  is  lateralis. 

Nucleus  praeopticus  Nucleus  praeopticua  parvocellularis. 

The  nucleus  magnoccUularis  seems  to 
be  a  special  development  ia  tcleosts. 

It  is  well  known  that  there  are  in  the  adult  teleost  brain  a 
much  larger  number  of  discrete  nuclei  and  fiber  bundles  than  are 
seen  in  the  brains  of  other  fishes.  This  gives  the  appearance  of 
a  high  degree  of  specialization.  Dr.  Sheldon's  description  of  the 
adult  brain  of  a  single  teleost  shows  these  numerous  discrete  gray 
masses  and  fiber  bundles,  while  the  writer's  description,  based 
upon  several  ganoids  and  young  teleoste,  seems  at  first  sight  to 
differ  greatly  because  of  the  small  number  of  centers  and  tracts 
described.  That  this  is  the  chief  difference  between  the  descrip- 
tions given  in  the  two  papers  will  appear  from  an  examination 
of  the  several  structures  seriatim. 

In  the  olfactory  bulb  most  authors  recognize  a  nucleus  olfacto- 
rius  anterior.  While  I  have  described  the  same  gray  matter  under 
the  name  of  deep  cells  (stellate  cells,  granules,  etc.),  1  have  insisted 
that  these  belong  to  the  formatio  bulbaris  because  their  dendrites 
come  into  relation  with  olfactory  fibers  in  the  glomeruli  and  their 
neurites  proceed  as  fibers  of  the  olfactory  tract  to  the  secondary 
olfactory  centers.  Sheldon  fully  and  clearly  confirms  this  rela- 
tion to  the  olfactory  fibers.  He  describes  also  a  traetus  olfac- 
torius  ascendens  arising  in  the  precommissural  body  and  ending 
in  relation  with  these  deep  cells.  Sheldon  speaks  of  the  nucleus 
olfactorius  anterior  as  secondary  olfactory  tissue  but  his  descrip- 
tion does  not  show  that  any  olfactory  tract  fibers  end  in  it. 

The  medial  olfactory  nucleus  or  precommissural  body  presents 
practically  the  same  condition  in  the  forms  studied  by  Dr.  Shel- 
don and  myself.  The  'pars  intermedia'  of  Sheldon's  description 
which  connects  the  precommissural  body  with  the  central  gray 
of  the  thalamus,  is  less  conspicuous  in  ganoids  but  is  present. 
It  should  be  noticed,  however,  that  Dr.  Sheldon  seems  to  include 
in  the  nucleus  medianus  of  the  precommissural  body  not  only  the 
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anterior  part  of  the  medial  olfactory  nucleus  but  also  the  lateral 
olfactory  nucleus  of  my  description.  This  is  a  serious  difference 
of  interpretation,  the  significance  of  which  will  be  referred  to  later. 

In  the  writer's  description  the  large  dorsal  part  of  the  lateral 
lobe  of  the  forebrain  is  given  the  name  primordium  hippocampi. 
The  grounds  for  this  are  that  this  area  is  characterized  by  peculiar 
pyramidal  cells  with  spiny  dendrites,  receives  olfactory  fibers  of 
the  second  and  perhaps  of  the  third  order,  and  receives  ascending 
fibers  from  the  hypothalamus  which  are  believed  to  be  gustatory 
in  function.  The  cells  of  the  peculiar  type  described  are  present 
throughout  all  parts  of  the  area  in  question  and  the  ascending 
fibers  from  the  hypothalamus  spread  uniformly  throughout  the 
whole  area  in  ganoids  and  young  teleosts.  The  primordium  is 
bounded  medially  bj'  the  sulcus  limitans  hippocampi  in  the  ven- 
tricular surface  and  laterally  by  the  external  .sulcus  and  the  lateral 
olfactory  tract.  In  the  substance  of  the  lateral  lobe  there  is 
always  visible  a  more  or  less  conspicuous  and  extensive  cell-free 
zona  limitans  which  separates  this  area  from  the  medial  and  lateral 
olfactory  nuclei. 

In  the  adult  carp  Sheldon  describes  in  the  corresponding  area 
several  more  or  leas  distinct  gray  masses  and  details  the  fiber 
tracts  connected  with  each  one.  The  boundaries  of  the  area  as 
a  whole  agree  with  those  given  by  the  writer.  The  ventricular 
sulcus  is  given  the  name  fissura  limitans  telencephali.  In  this 
area  Sheldon  recognizes  a  nucleus  olfactorius  dorsalis  occupying 
the  dorso-medial  angle  of  the  everted  lateral  lobe  and  adjoining 
the  precommissural  body;  a  nucleus  olfactorius  lateralis  which 
includes  the  greater  part  of  the  entire  structure;  a  lobus  pyriformis 
and  a  nucleus  taeniae  adjacent  to  the  taenia  fornicis  in  the  caudal 
part  of  the  lateral  lobe;  and  a  palaeostriatum  deeply  imbedded 
in  the  lateral  lobe,  beneath  the  nucleus  olfactorius  lateralis.  Dr. 
Sheldon's  figures  32,  33,  45,  48,  49,  50,  51,  52,  53,  58,  59.  60,  show 
the  cells  with  the  peculiar  -spiny  or  thorny  dendrites  in  all  the 
nuclei  mentioned  except  in  the  nucleus  olfactorius  dorsalis.  In 
the  text  {p.  193)  it  is  stated  that  many  of  the  cells  of  this  nucleus 
"resemble  the  dorsal  cells  of  the  nucleus  olfactorius  lateralis 
(figs.  48,  49,  56). "     So  far  as  the  types  of  cells  are  concerned,  all 
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the  nuclei  mentioned  might  well  be  regarded  as  parts  of  one  large 
center.  This  is  a  very  welcome  confirmation  of  the  writer's 
description  of  the  primordium  hippocampi  in  fishes,  because  the 
existence  of  these  cells  of  a  peculiar  type  in  the  primordium  hippo- 
campi of  various  fishes  and  amphibians  has  been  used  as  one  of  the 
chief  means  of  identifying  the  primordium  hippocampi  in  cyclos- 
tomes  {'02  a,  '06,  and  '12  b'). 

With  regard  to  the  various  fiber  tracts  connected  with  these 
several  nuclei,  there  is  noticeable  a  close  similarity  between  all 
parts  of  the  area  which  I  have  called  primordium  hippocampi. 
All  parts  receive  olfactory  tract  fibers,  those  from  the  medial 
tract  entering  the  medial  border  those  from  the  lateral  tract 
entering  the  lateral  border.  There  are  decussating  fibers  also 
entering  the  lateral  border.  Sheldon  has  described  further  terti- 
ary olfactory  fibers  from  the  precommissural  body  entering  the  nu- 
cleus olfactorius  dorsalis  and  the  palaeostriatum.  Although  such 
tertiary  fibersareprobably  present  in  cyclo8tomes{'12b),  they  are 
proportionately  few  in  selachians  and  have  not  been  certainly 
demonstrated  heretofore  in  teleosts.  It  can  not  be  argued  that 
the  term  primordium  hippocampi  must  be  limited  to  that  part 
of  the  forebrain  into  which  these  tertiary  olfactory  fibers  enter. 

All  the  nuclei  mentioned,  except  the  dorsal  olfactory  nucleus, 
receive  ascending  fibers  from  the  hj^iothalamus  by  way  of  the 
tractus  olfacto-hypothalamicus  lateralis  of  Kappers  or  by  way 
of  the  tractus  strio-thalamicus.  All  of  these  ascending  fibers 
evidently  correspond  to  the  tractus  pallii  of  the  writer  in  ganoids 
and  young  teleosts.  In  several  of  the  forms  studied  by  the 
writer  (Polyodon,  Ameiurus)  there  are  large  bundles  of  the  tractus 
pallii  rising  into  the  caudal  part  of  the  primordium  hippocampi. 
These  would  correspond  to  the  ascending  fibers  in  the  tractus 
olfacto-hypothalamicus  lateralis,  although  they  are  less  completely 
segregated  than  in  the  carp.  The  ascending  fibers  in  the  tractus 
strio-thalamicus  in  the  carp  have  a  distribution  similar  to  that  of 
the  larger  part  of  the  tractus  pallii  in  the  forms  described  by  the 
writer.     It  is  to  be  noted  that  ascending  fibers  from  the  hypo- 

'  Johnston,  The  telencephalon  in  Cyclostomes,  Jour.  Comp.  Neur.,  vol.  22, 
August,  1912. 
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thalamus  running  in  the  medial  forebrain  bundle  go  up  to  the 
medial  border  of  the  primordium  hippocampi  in  the  sturgeon, 
partly  direct  and  partly  after  crossing  in  the  anterior  commissure. 
Sheldon  traces  similar  fibers  only  as  far  as  the  precommissural 
body. 

Descending  fibers  are  described  by  Sheldon  from  all  these 
nuclei  to  the  hypothalamus  by  way  of  the  medial  or  lateral  hypo- 
thalamic tract  or  the  tractus  strio-thalamicus.  This  confirms 
the  early  description  by  Van  Gehuchten  and  is  in  agreement  with 
the  writer's  findings  in  the  small  number  of  brains  of  Amia  in 
which  such  fibers  were  impregnated.  The  unequivocal  descrip- 
tion by  Sheldon  removes  all  doubt  as  to  the  descending  pathway 
from  the  primordium  hippocampi  in  teleosts.  This  is  also  in 
agreement  with  the  conclusion  reached  by  several  authors  that 
the  tractus  pallii  in  selachians  is  composed  of  both  ascending  and 
descending  fibers. 

Finally,  a  tract  called  the  tractus  taeniae  arises  from  the  nucleus 
taeniae  and  runs  to  the  nucleus  habenulae.  This  is  said  to  be  the 
morphological  equivalent  of  the  tractus  cortico-habenularis  later- 
alis of  Herrick  in  the  frog.  It  is  possible  that  this  part  is  accom- 
panied by  a  few  commissural  fibers  constituting  a  posterior  pallial 
commiseure.  This  tractus  taeniae  of  Sheldon  together  with  his 
somewhat  hypothetical  posterior  pallial  commissure  corresponds 
to  what  the  writer  has  termed  the  posterior  palhal  commissure. 
Although  a  true  commissure  has  not  been  certainly  demonstrated 
by  either  of  us,  the  presence  of  such  a  commissure  in  cyclostomes 
(Johnston  '12  b),  selachians,  amphibians  and  reptiles,  renders  its 
existence  in  ganoids  and  teleosts  very  probable. 

Both  the  medial  and  lateral  borders  of  the  general  area  are 
connected  by  commissures  which  Sheldon  calls  the  anterior  and 
posterior  hippocampal  commissures.  In  Amia  there  is  a  single 
large  commissure  distributed  to  the  whole  area. 

There  is  thus  seen  to  be  a  close  agreement  as  to  facts  in  the 
description  of  the  general  area  under  consideration.  Dr.  Sheldon, 
however,  interprets  this  general  area  as  including  the  lateral 
olfactory  nucleus,  the  pyriform  lobe,  the  nucleus  taeniae  and  a 
palaeostriatum,  while  only  the  nucleus  olfactorius  dorsalis  is 
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regarded  as  the  primordium  hippocampi.  Since  the  whole  area 
has  so  nearly  identical  structure  and  connections  throughout 
its  parts,  this  interpretation  seems  to  the  writer  untenable. 

First,  the  commissures,  the  habenular  and  the  hypothalamic 
connections  all  point  more  clearly  to  the  lateral  part  of  this  area 
as  the  homologue  of  the  primordium  hippocampi  in  cyclostomes, 
selachians  and  amphibians.  It  is  only  in  the  entrance  of  tertiary 
olfactory  fibers  that  Sheldon's  dorsal  olfactory  nucleus  bears  a 
special  resemblance  to  hippocampus.  This  is  the  least  important 
characteristic  of  the  hippocampal  primordium  in  lower  forms  and 
in  the  carp  it  is  shared  with  the  palaeostriatum. 

Second,  most  writers  on  the  teleost  brain  in  identifying  the 
lateral  olfactory  nucleus  have  ignored  the  important  fact  of  ever- 
sion.  They  regard  the  structiu'es  which  are  laterally  placed  as 
morphologically  lateral.  The  position  of  the  line  of  attachment  of 
the  tela  chorioidea,  the  form  of  the  lateral  lobes,  the  position  of  the 
zona  limitans,  all  show  that  the  so-called  lateral  olfactory  nucleus 
is  not  lateral  but  ventricular  and  that  its  extreme  ventro-Iateral 
border  where  the  tela  is  attached  is  morphologically  the  dorsal 
border  of  the  lateral  brain  wall.  The  lateral  olfactory  nucleus  of 
Sheldon  and  especially  the  lobus  pyriformis  and  nucleus  taeniae, 
so  far  from  being  morphologically  lateral  are  adjacent  to  the 
taenia  fomicis  and  correspond  to  the  dorso-medial  border  of  the 
hemisphere  in  evaginated  brains  like  that  of  the  frog. 

Third,  the  reason  for  thus  ignoring  the  significance  of  eversion 
is  found  in  the  fact  that  the  lateral  olfactory  tract  is  largely  dis- 
tributed to  the  everted  ventricular  region.  This  is  therefore 
given  the  name  of  lateral  olfactory  nucleus.  Now  when  the  lateral 
olfactory  nucleus  in  all  other  vertebrates  is  examined  it  is  found 
that  it  never  has  the  tela  chorioidea  attached  to  it  and  that  it 
never  is  removed  from  the  external  surface  of  the  brain  and  re- 
stricted to  the  ventricular  surface.  In  all  other  vertebrates  the 
lateral  olfactory  nucleus  is  separated  from  the  tela  chorioidea  by 
at  least  the  primordiiun  hippocampi  and  it  occupies  a  part  of 
the  true  lateral  or  latero-basal  surface  of  the  telencephalon.  The 
structure  which  Edinger,  Goldstein,  Kappers,  Sheldon  and  others 
call  the  lateral  olfactory  nucleus  in  teleosts  is  a  great  mass  oe- 
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Fig.  I  Two  figures  for  compurifiOD  of  the  transverse  section  of  the  telenceph- 
alon in  front  of  the  anterior  commissure  in  a  15  mm.  Amia  (above)  and  in  the  adult. 
Thesefiguresshow  the  actual  change  of  fonn  involved  in  eversion.  It  is  the  region 
dorsal  to  the  lona  limitans  which  is  rolled  and  pushed  outward,  chiefiy  because 
of  its  own  increase  in  volume.  The  same  cause  leads  to  the  fonnation  of  the  ven* 
tricular  sulci.  /.  i'.,  groove  leading  to  the  interventricular  foramen:  nve.  olf.  med. 
and  nve.  olf.  lat.,  medial  and  lateral  olfactory  nuclei;  p.h.,  primordium  hippo- 
campi) ».e.,  siccus  externus;  tr.  olf.  l.  and  tr.  olf.  m.,  lateral  and  medial  olfactory 
tracts;  z.L.  zona  limitane. 
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cupying  the  ventricular  surface  and  reaching  the  external  surface 
only  at  its  taenia-border. 

The  behavior  of  the  lateral  olfactory  tract,  however,  does  not 
compel  us  to  identify  this  structure  with  the  lateral  olfactory 
nucleus,  for  two  reasons.  The  lateral  olfactory  tract  in  sela- 
chians ends  in  large  part  in  the  primordium  hippocampi,  and  in 
teleosts  and  ganoids  a  large  part  of  the  olfactory  tract  fibers 


Fig.  2  A  transverse  section  oF  the  brain  of  Ameiurus  of  19  mm.,  at  the  level 
of  the  anterior  commissure.  There  is  already  slight  eversion  here  as  compared 
with  the  15  mm.  Amia  and  there  is  a  broad  shallow  sulcus  extemus.  ComporiBon 
of  this  with  Sheldon's  figures  38  and  56  will  show  that  eversion  in  the  teleost  takes 
placein  thesame  wayasin  Amia.  CO.,  anterior  commissure;  p.c.b.,  precommissural 
body;  r. p.,  preoptic  recess;  s.o.,  somatic  nucleus;  t.f,,  taenia fornici8;lr. p.,  tractuB 
pallii. 

which  enter  the  so-called  lateral  olfactory  nucleus  come  from  the 
medial  olfactory  tract.  On  the  other  hand,  in  ganoids  and  teleosts 
a  large  part  of  the  lateral  olfactory  tract  ends  in  the  latero-basal 
superficial  area  below  the  so-called  sulcus  or  fovea  endorhinalis. 
It  is  this  area  which  really  occupies  the  lateral  surface  of  the  fore- 
brain  as  in  all  other  vertebrates,  which  the  writer  believes  is  the 
lateral  olfactory  nucleus. 
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In  all  vertebrates  the  lateral  olfactory  nucleus  is  separated 
from  the  primordium  pallii  or  pars  pallialls  hemisphaerii  by  a 
more  or  less  conspicuous  sulcus  in  the  external  surface  of  the  brain. 
In  petromyzonts  this  is  the  deep  obhquely  pldced  groove  seen  in 
the  dorsal  aspect  between  the  roof  of  the  evaginated  hemisphere 
and  the  elevated  wall  of  the  telencephalon  medium,  which  has 
been  shown  by  the  writer  to  be  the  homologue  of  the  primordium 
hippocampi  of  other  vertebrates.  In  selachians  the  primordium 
hippocampi  is  evaginated  into  the  roof  of  the  hemisphere,  but 
is  marked  off  from  the  lateral  olfactory  nucleus  by  a  groove  and 
a  narrow  cell-free  zona  limitans  in  the  lateral  wall.  This  zona 
limitans  hippocampi  extends  along  the  lateral  wall,  over  the  olfac- 
tory peduncle  and  around  the  rostral  wall  to  meet  its  fellow  in  the 
medial  wall  at  the  neiiroporic  recess.  The  parts  of  the  wall  below 
this  zona  Umitans  include  the  lateral  and  medial  olfactory  nuclei, 
tuberculum  olfactorium,  etc.  In  amphibians  a  similar  zona  limi- 
tans separatee  the  pars  pallialis  from  the  pars  sub-pallialis  as 
Gaupp  has  shown.  In  reptiles  and  manunals  and  possibly  even  in 
amphibians  the  general  or  somatic  cortex  has  pushed  in  between 
the  lateral  olfactory  nucleus  and  the  primordium  hippocampi, 
so  T-hat  the  zona  limitans,  or  the  sxilcus  which  marks  it  externally, 
becomes  the  dividing  line  between  the  lateral  olfactory  nucleus 
and  the  general  cortex.  This  groove  in  mammals  is  the  fissura 
rhinalis  which  boimds  laterally  the  lateral  olfactory  nucleus  and 
the  pyriform  lobe. 

Earlier  authors  (C.  L.  and  C.  J.  Herrick  '91,  Edinger  '96,  Gold- 
stein '05,  Kappers  '06)  compared  the  groove  on  the  latero-bagal 
aspect  of  the  teleost  brain  with  the  fissura  rhinalis  of  mammals. 
Goldstein  ('05,  p.  143)  cites  Edinger's  view  that  this  is  one  of  the 
most  important  brain  fissures  and  that  the  pallium  is  alwaj-s  to 
be  found  just  lateral  toit.  Kappersand  Theunissen  ('08)  present  a 
new  view,  namely,  that  the  teleostean  sulcus  represents  the  sulcus 
endorhinalis, — "weil  sle  innerhalb  des  secundaren  Riechgebietes 
hegt."  This  is  the  view  now  taken  by  C.  J.  Herrick  and  Sheldon. 
The  difficulty  with  this  view  is  that  the  sulcus  in  fishes  does  not 
lie  within  the  secondary  olfactory  area.  That  the  area  above  it, 
which  is  now  imder  consideration,  does  receive  secondary  olfactory 
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fibers  is  perfectly  true.  But  so  does  the  Uppocampal  formatioD 
throi^out  the  vertebrate  series.  What  has  escaped  the  atten- 
tion of  these  recent  authors  is  the  fact  that  the  entrance  of  a 
lai^e  bundle  of  ascending  fibers  from  the  hypothalamus  makes 
of  this  body  something  fundamentally  different  from  the  simple 
secondary  olfactory  centers.  This  has  been  fully  set  forth  on 
page  525  of  my  recent  paper  on  the  forebrain  of  ganoids  and  tele- 
osts. 

Morphologically,  however,  it  is  clear  that  the  sulcus  endorhina- 
lifi  of  manunals  does  not  correspond  to  the  sulcus  in  question  in 
fishes.  The  sulcus  endorhinalis  hes  within  the  basal  olfactory 
centers,  between  the  lateral  olfactory  tract  and  the  olfactory 
tubercle,  and  rostrad  ends  upon  the  ventral  aurfcux  of  the  olfactory 
peduncle.  In  all  fishes,  amphibians  and  reptiles,  the  groove  here 
imder  consideration  extends  along  ^e  lateral  surface  of  the  hemi- 
sphere, rises  dorsally  as  it  goes  rostrad  and  passes  over  the  olfactory 
peduncle  or  olfactory  hulh.  In  this  disposition  the  groove  agrees 
with  the  fissura  rhinalis  rf  the  mammalian  brain  and  differs 
conspicuously  from  the  sulcus  endorhinalis.  The  writer  is  there- 
fore convinced  that  the  earlier  view  of  Edinger,  Kappers  and 
Goldstein  was  correct. 

In  my  recent  paper  I  gave  to  the  broad  groove  in  the  teleost 
forebrain  the  descriptive  name  sulcus  extemus.  This  was  done 
because  I  do  not  regard  this  broad  groove  as  actually  homologous 
with  anything  in  the  brains  of  other  vertebrates.  A  zona  limitans 
is  usually  recognizable  in  ganoids  and  teleosts  and  this  is  homo- 
logous with  the  zona  limitans  lateralis  in  selachians  and  amphi- 
bians. The  teukms  limitans  lateralis  in  selachians  and  amphibians 
is  a  very  sUght  groove  not  comparable  in  size  and  form  with  the 
sidcus  extemus  of  the  teleost  brain.  Moreover,  this  sulcus  exter- 
nus  is  not  present  in  the  young  stages  of  either  ganoids  or  teleosts. 
It  appears  only  in  later  stages  as  the  result  of  the  process  of  ever- 
sion.  It  is  formed  by  the  actual  folding  outward  of  the  whole 
thickness  of  the  dorsal  part  of  the  lateral  forebrain  wall.  It  is 
only  the  line  along  which  the  cell-free  zona  limitans  in  the  sub- 
stance of  the  lateral  lobe  meets  the  lateral  surface  that  can  be 
compared  with  the  sulcus  limitans  lateraUs  in  selachians  andamphib- 
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ians.  This  line  lies  aomewiiere  within  the  broad  sulcus  extemus, 
but  there  appears  to  be  considerable  variation  as  to  the  form  and 
position  of  this  sulcus  or  fovea  in  adult  ganoids  and  teleosts. 

In  the  relation  of  the  lateral  olfactory  tract  to  this  sulcus  there 
is  further  evidence  for  the  homology  of  the  sulcus  limitans  latei^ 
alis  with  the  fissura  rhinalis.  The  lateral  olfactory  tract  runs 
loi^tudinally  somewhat  parallel  with  this  sulcus,  many  of  its 
fibers  turning  up  into  the  primordium  hippocampi.  When  the 
eversion  of  the  brain  wall  is  taken  into  account  it  is  seen  that  the 
morphological  position  of  the  lateral  tract  is  medio-basal  to  the 
sulcus.  This  is  clear  from  Goldstein's  figure  4  and  ^heldon's 
figure  24,  and  is  still  more  clear  in  the  simpler  ganoids  and  in 
young  ganoids  and  teleosts.  In  Acipeoser  of  30  cm.  where  the 
eversion  is  slight,  the  lateral-  olfactory  tract  lies  wholly  basal  to 
the  zona  limitans.  In  adult  Amia  ('11  b,  figs.  5,  6)  the  lateral 
olfactory  tract  lies  partly  in  the  zona  limitans  and  partly  basal  to 
it.  In  Polyodon  ('11  b,  figs.  55,  56)  the  lateral  tract  evidently 
lies  wholly  medio-basal  to  the  zona  limitans.  The  same  condition 
prevails  in  the  selachians;  and  in  manmials,  where  the  somatic 
cortex  has  pushed  in  between  the  olfactory  tract  and  the  hippo- 
campus, the  lateral  tract  lies  in  the  same  relation  to  the  fissura 
rhinalis  as  it  holds  to  the  zona  limitans  lateralis  in  the  fishes. 

The  above  considerations  have  led  the  writer  to  the  conclu- 
sion that  the  area  seen  from  the  ventricular  surface  in  teleosts 
between  the  sulcus  limitans  hippocampi  and  the  line  of  attach- 
ment of  the  tela  chorioidea  is  the  primorditmi  hippocampi  as  it 
is  in  cyclostomes  and  selachians  (and  also  in  amphibians  and 
reptiles  except  that  the  somatic  cortex  pushes  into  this  area). 
The  entire  region  has  essentially  the  same  structure  and  fiber 
connections  throughout,  although  in  adult  teleosts  the  great 
increase  in  volume  is  accompanied  by  everaion  and  by  the  forma- 
tion of  new  sulci  such  as  the  sulcus  ypsiiiformis.  This  has  been 
accompanied  by  the  segregation  of  gray  masses  and  fiber  bundles 
which  Sheldon  and  others  have  described  as  distinct  centers  and 
tracts. 

This  view  carries  with  it  the  interpretation  of  the  lateral  super- 
ficial part  of  the  olfactory  lobe  rostral  to  the  anterior  commissure 
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as  the  lateral  olfactory  nucleus.  This  area  is  included  by  Sheldon 
in  his  nucleus  medianus  septi,  but  it  must  be  observed  that  it 
belongs  to  the  lateral  wall  of  the  brain  and  has  nothing  to  do  with 
the  septal  r^on.  In  ganoids  it  is  largely  separted  from  the 
nucleus  medianus  septi  by  that  part  of  the  olfactory  bulb  which  is 
called  nucleus  olfactorius  anterior  ('11  b,  figs.  5,  70).  This  true 
lateral  olfactory  nucleus  extends  caudad  only  about  to  the  level 
of  the  anterior  commissure  where  it  meets  with  the  somatic  area. 
In  selachians  a  well  developed  correlating  tract  has  been  found 
between  the  two  centers  and  in  higher  vertebrates  a  part  of  this 
somatic  area  doubtless  renuuns  in  connection  with  the  lateral 
olfactory  nucleus  to  constitute  the  pyriform  lobe. 

Dr.  Sheldon  locates  the  lobus  pyriformis  in  the  extreme  lateral 
part  of  the  lateral  lobe  to  which  the  tela  chorioidea  is  attached. 
Upon  the  view  of  everaion  of  the  teleost  forebrain  held  by  Mrs. 
Gage,  Kappers,  the  writer  and  others,  this  part  of  the  lateral  lobe 
corresponds  to  the  medio-dorsal  border  in  evaginated  brains. 
The  region  which  Sheldon  has  called  the  primordium  hippocampi, 
on  the  other  hand,  corresponds  to  a  portion  of  the  lateral  wall  of 
the  evaginated  brains.  This  is  illustrated  in  figure  3  which  shows 
at  a  glance  how  imtenable  this  interpretation  is.  Dr.  Sheldon 
has  seen  the  weakness  of  these  homologies  and  has  su^ested  th&t 
the  form  of  the  teleost  forebrain  is  due  not  to  a  process  of  eversion 
such  as  Mrs.  Gage  set  forth  but  to  a  wandering  and  shifting  of 
the  relative  positionof  the  gray  masses  (Sheldon  '12,  pp.  244-245). 
No  facts  are  given  upon  which  this  hypothesis  of  a  modified 
eversion  is  based  and  the  writer  has  seen  nothing  in  his  study  of 
larval  stages  of  ganoids  and  teleosts  to  give  support  to  it.  The 
process  of  eversion  in  teleosts  seems  to  the  writer  to  consist  of 
a  turning  outward  together  with  some  plastic  pushing  or  shifting 
laterad  of  the  whole  mass  of  the  lateral  wall  dorsal  to  the  zona 
limitans.  The  turning  outward  carries  with  it  the  attachment 
of  the  tela  chorioidea;  and  the  dorsal  border — taenia  fomicis — 
in  ganoids  and  teleosts  is  the  same  as  in  all  other  vertebrates,  but 
is  carried  far  latero-ventrally  by  eversion.  The  writer  fails  to 
see  any  ground  upon  which  we  may  expect  to  find  the  lobus  pyri- 
formis in  any  vertebrate  located  adjacent  to  the  taenia  fomicis. 
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Fig.  3  Two  diagrama  baaed  upon  transverse  aeetions  at  the  level  of  the  aoter- 
ior  commisaure  of  Amia,  to  illustrate  the  conceptions  of  the  relations  of  the  prim- 
ordium  hippocampi  held  by  Dr.  Sheldon  and  by  the  writer.  In  both  diagrams 
the  form  of  cross  section  of  the  hemisphere  of  an  amphibian  is  superimposed  upon 
the  right  half  of  the  Amia  aectioD.  On  the  left  in  the  upper  diagram  the  position 
of  the  pyriform  lobe  and  primordium  hippocampi  is  shown  as  Sheldon  has  located 
them.  On  the  right  the  position  of  these  centers  is  shown  as  they  would  come  to 
lie  in  a  brain  which  was  evaginated.  In  the  lower  diagram  the  position  of  these 
centers  is  shown  as  they  are  understood  by  the  writer,  pyr.,  pyriform  lobe;  ».!., 
sulcus  limitans  hippocampi,  s.a.  in  this  figure  indicates  the  region  where  the 
somatic  nucleus  pushes  between  the  basal  olfactory  centers  and  the  primordium 
hippocampi  to  give  rise  to  the  general  cortex. 
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As  to  the  homology  of  the  nucleus  olfactorius  dorsalis  of  the 
carp  with  the  primordium  hippocampi  of  the  frog,  Sheldon 
admits  that  there  are  few  points  of  resemblance  (p.  246).  He 
concludes  (p.  247); 

The  materials  found  in  the  amphibian  primordium  hippocampi  are 
not  completely  separated  in  the  teleosts  from  the  other  elements  of  the 
secondary  olfactoiy  nucleus,  beii^  represented  chiefly  in  the  nucleus 
olfactorius  doraalis  or  primordium  hippocampi  and  to  a  less  d^ree  per- 
haps in  the  nucleus  olfactorius  lateralis  and  nucleus  pyrifonnis. 

This  approaches  closely  the  view  of  the  present  writer.  If 
this  whole  structure  dorsal  to  the  zona  limitans  is  considered  to 
be  primordium  hippocampi,  its  resemblance  to  that  of  the  trog 
and  selachians,  in  position,  structure  and  connections,  is  clear. 

In  this  comiection  Sheldon  compares  his  sulcus  limitans  telen- 
cephali  with  the  fissura  limitans  hippocampi  of  Herrick  in  the 
frog  (fissura  arcuata  of  Gaupp),  although  he  states  that  the  homol- 
ogy is  incomplete.  Indeed  it  is  difficult  to  see  what  could  lead 
the  author  to  make  any  comparison  between  the  two.  The 
teleostean  sulcus  limitans  telencephali  lies  in  the  ventricular  sur- 
face of  the  lateral  brain  wall,  while  the  fissura  limitans  hippocampi 
of  Herrick  lies  in  the  medial  wall  of  evaginated  brains.  The 
teleostean  sulcus  clearly  is  identical  with  the  sulcus  limitanjB 
lateralis  of  the  frog's  brain,  and  a  fissura  limitans  hippocampi 
(Herrick)  cannot  be  present  or  be  conceived  of  in  an  unevaginated 
or  everted  brain.  Such  a  sulcus  can  be  present  only  in  those 
forms  in  which  evagination  has  carried  a  part  of  the  medial  olfac- 
tory  nucleus  out  into  the  medial  wall  of  the  hemisphere  between 
the  olfactory  bulb  and  the  lamina  terminalis.  Here  the  sulcus 
in  question  separates  the  medial  olfactory  nucleus  from  the  prim- 
ordium hippocampi  which  occupies  the  roof.  This  sulcus  I  have 
called  the  medial  sulcus  limitans  hippocampi,  while  the  lateral 
sulcus  limitans  hippocampi  separates  the  primordium  hippocampi 
from  the  lateral  olfactory  nucleus  in  the  lateral  wall,  (Johnston 
'11  a).  In  ganoids  and  teleosts  nothing  is  evaginated  but  Uke 
olfactory  bulb,  there  is  no  roof  containing  a  primordium  hippo- 
campi and  there  is  no  medial  olfactory  nucleus  in  the  medial  wall 
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of  an  ev^inated  hemisphere.  Therefore  there  is  no  medial  sul- 
cus limitanB  hippocampi. 

Sheldon  describes  a  nucleus  commissuralis  lateralis  and  a 
nucleus  entopeduncularis  which  together  seem  to  correspond  to 
the  writer's  somatic  nucleus.  I  see  no  reason  for  including  the 
palaeostriatum,  nucleus  taeniae  or  the  nucleus  intermedius  in 
the  somatic  area,  as  suggested  by  Sheldon.  It  is  not  clear  what 
different  writers  mean  by  'nucleus  taeniae.'  Sheldon's  nucleus 
taeniae  appears  to  be  the  same  as  Edinger's  and  Kappers',  olfac- 
tory in  function.  Goldstein's  nucleus  taeniae  is  described  as  non- 
c^actoiym  fimction  and  it  is  probable  -that  the  body  which  he 
described  belongs  to  the  writer's  somatic  nucleus.  Goldstein's 
nucleus  entopeduncularis  lies  ventrally  close  to  the  chiasma  and 
Sheldon  can  scarcely  have  identified  it  correctly  in  the  carp.  In 
Ameixirus  there  is  a  nucleus  entopeduncularis  independent  of  the 
somatic  nucleus  and  ventral  to  it.  This  has  apparently  not  been 
seen  in  the  carp,  tmless  it  is  included  in  the  complex  nucleus 
praeopticTis.  Sheldon's  nucleus  entopeduncularis  is  undoubtedly 
identical  with  the  caudal  part  of  my  somatic  nucleus. 

The  theoretical  part  of  Dr.  Sheldon's  paper  is  a  restatement  of 
Herrick's  theory  regarding  longitudinal  columns  in  the  telen- 
cephalon. The  writer  is  unable  to  see  that  this  theory  has  any 
relation  to  the  facts  set  forth  in  the  descriptive  part  of  Sheldon's 
paper.  The  diagrams  on  plate  35  are  evidently  intended  to 
illustrate  this  theory  but  not  to  give  any  facts  for  its  support. 
Nothirg  is  said  in  the  paper  to  indicate  the  grounds  on  which  the 
pecuhar  shifting  about  of  the  columns  1,  2  and  3  in  these  diagrams 
is  based.  If  the  writer's  view  is  correct,  the  primordium  hippo- 
campi includes  aU  or  nearly  all  of  the  territory  represented  by  the 
numerals  1,  S  and  S  in  figures  132, 133, 134.  The  somatic  nucleus 
is  not  taken  into  account  at  all  in  these  digrams.  In  the  text 
it  is  stated  (p.  243),  "the  nucleus  entopeduncularis  [my  somatic 
nucleusj  probably  belongs  to  the  same  column  as  the  pars  ventralis 
thalami,  the  para  ventro-lateralis  of  Herrick,  which  expands 
rostrally  to  form  the  palaeostriatum. "  That  this  view  is  unten- 
able is  clear  from  the  simple  fact  that  this  nucleus  is  directly 
continuous  caudally  with  the  optic  centers  and  closely  related  to 
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the  other  sensory  centers  which  he  in  Herrick'a  pars  dorsaUs 
thalami.  The  description  of  the  palaeostriatum  given  by  Sheldon 
shows  that  it  has  the  same  structure  and  connections  as  his  lateral 
olfactory  nucleus.  I  have  specifically  included  the  corresponding 
region  in  ganoids  in  my  primordium  hippocampi.  It  seems,  then, 
that  there  is  nothing  in  the  telencephalon  that  may  be  regarded 
as  the  continuation  of  Herrick's  column  3  of  the  diencephalon. 

I  have  elsewhere  ('11  b)  criticized  Herrick's  schema  because 
he  sees  the  telencephaUc  continuation  of  the  somatic  sensory 
colunm  of  the  diencephalon  ('  pars  dorsalis  thalami')  in  a  structure 
of  wholly  different  functional  significance,  namely,  the  lateral 
olfactory  nucleus.  Here  in  fishes  the  impropriety  of  this  becomes 
evident  from  the  fact  that  the  pars  dorsalis  thalami  has  an  actual 
structural  continuation  in  the  form  of  the  somatic  sensory  nucleus 
of  the  telencephalon.  Essentially  the  same  condition  prevails  in 
all  vertebrates. 

Another  difficulty  with  the  application  of  Herrick's  schema  to 
the  teleost  brain  is  seen  in  the  assignmentof  the  substance  adjacent 
to  the  taenia  fomicis  to  column  S,  while  the  primordium  hippo- 
campi which  is  the  telencephaUc  continuation  of  the  most  dorsal 
column  1  is  placed  in  the  lateral  wall  morphologically  ventral  to 
column  S. 

Herrick's  schema  when  applied  to  the  teleost  brain  appears 
artificial  and  inconsistent  with  the  described,  facts. 

Dr.  Sheldon  uses  the  term  'hemisphere'  for  the  lateral  lobes 
which  are  not  evagiriated.  Professor  Herrick  ('10)  has  advocated 
the  use  of  the  terra  for  the  evaginated  part  of  the  telencephalon  as 
distinguished  from  the  telencephalon  medium.  The  writer  ('12  b) 
accepts  this,  and  it  is  unfortunate  that  the  same  usage  should 
not  have  been  followed  in  all  papers  coming  from  Professor 
Herrick's  laboratory. 

It  is  thought  that  the  comments  in  the  foregoing  paper  will  be 
clear  to  anyone  who  has  before  him  the  figures  in  the  papers  under 
discussion.    The  literature  cited  is  also  listed  in  those  papers. 
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The  telencephalon  of  cyclostomes  presents  in  many  ways  more 
primitive  conditions  than  are  known  in  other  vertebrates.  Cyclo- 
stomes are  therfore  important  in  the  effort  to  trace  the  phylogeny 
of  various  structures  in  the  cerebral  hemispheres.  The  discussiojis 
regarding  the  interpretation  of  the  lateral  lobes,  the  pallium  and 
the  ventricles  (Ahlbom,  Rabl-Buckhard,  Studnicka,  Edinger) 
together  with  the  contributions  by  Sterzi  ('09)  and  the  writer 
('02a),  have  made  clear  the  significance  of  most  parts  of  the  telen- 
cephalon at  least  in  Petromyzonts.  The  lateral  lobes  are  true 
hemispheres,'  containing  lateral  ventricles  connected  with  the 
third  ventricle  by  wide  interventricular  foramina.  The  hemis- 
pheres are  pushed  back  against  the  sides  of  the  diencephalon  by 
pressure  from  the  buccal  apparatus.  The  bulbar  formation  occu- 
pies the  broad  rostral  wall  of  the  hemisphere  and  does  not  project 
forward  as  a  bulbus  olfactorius.  In  addition  to  this  bulbar  forma- 
tion the  hemisphere  walls  include  secondary  olfactory  centers 
and  a  basal-central  area  heretofore  known  as  corpus  striatum. 
The  bulbar  formation  and  secondary  olfactory  centers  are  sepa- 
rated by  a  groove  which  represents  the  olfactory  peduncle. 

The  anterior  portion  of  the  third  ventricle  is  closed  above  and 
rostrally  by  a  membrane  which  is  thickened  in  two  places  by 
commissures  (figs,  5.  6).     Rostral  to  the  extraordinarily  thick 

'  Neurological  Studies  from  the  Institute  of  Anatomy,  University  of  Minnesota, 
No.  16. 

'  The  writer  here  uses  the  term  hemisphere  as  synonymous  with  the  laterjil  lobe 
or  evagination  of  the  telencephalon,  accepting  in  this  the  Bii);geHtion  of  Professor 
Herrick  {'10,  p.  492). 
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chiasma  ridge  the  lamina  terminalis  extends  from  the  preoptic 
recess  to  the  recessus  neuroporicus,  rostral  to  the  interventricular 
foramen.  The  position  of  the  recessus  neuroporicus  was  first 
clearly  established  by  Sterzi  {'07).  The  lamina  terminalis  is 
thickened  by  the  anterior  commissure.  Above  the  recessus  neuro- 
poricus the  roof  of  the  ventricle  is  thickened  by  the  so-called 
dorsal  olfactory  comjnissure  or  decussation.  This  thickened 
lamina  should  be  called  the  lamina  supraneuroporica  (Burck- 
hardt  '94  b,  '94  c,  '07,  Johnston,  '11  b).  A  short  distance  caudal 
to  this  lamina  occurs  a  small  fold  in  the  membranous  roof  which 
was  shown  by  Sterzi  ('07)  to  be  the  velum  transversum.  Caudal 
to  this  a  long  dorsal  sac  extends  to  the  superior  commissure  and 
habenular  bodies.  This  dorsal  sac  is  covered  dorsally  by  the 
parapineal  body  and  epiphysis,  which  depress  the  sac  in  various 


Upon  the  general  morphology  of  the  petromyzont  telencephalon 
thus  far  there  is  general  agreement  among  workers.  There  are, 
however,  disputed  questions  regarding  the  relations  of  the  telen- 
cephalon and  diencephalon,  and  the  location  of  the  primordium 
of  the  cortical  area  of  higher  vertebrates. 

The  writer  has  reviewed  the  preparations  pifeviously  studied 
and  has  examined  new  preparations  of  the  same  and  other  species 
of  petromyzonts.  The  writer  wishes  to  express  his  sincere  thanks 
to  Professor  Gage  for  a  very  generous  supply  of  ammocoetes  and 
adults  of  both  Lampetra  and  Petromyzon  dorsatus.  Other  speci- 
mens of  Lampetra  have  been  obtained  from  Professor  Reighard's 
laboratory  both  while  the  writer  was  located  there  and  later 
through  the  kind  assistance  of  Dr.  L.  J.  Cole.  The  writer  is 
deeply  indebted  to  Professor  Charles  Brookover  for  the  loan  of 
the  series  of  sections  of  Ichthyomyzon  which  is  described  beyond. 
Thanks  are  also  due  to  Professor  Reighard  for  the  loan  of  a  series 
of  sections  of  a  new  dwarf  lamprey  not  yet  described.  Through 
the  kindness  of  Mr.  W.  F.  Allen  of  this  laboratory  I  have  had  the 
opportunity  to  section  and  study  several  stages  of  the  ammocoetes 
of  the  Pacific  coast  lamprey,  Entosphenus. 
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The  di-telencephalic  boundary 

The  writer  has  attempted  ('09)  an  accurate  definition  of  the 
boundary  in  question,  upon  the  basis  of  selachian,  amphibian, 
avian  and  mammaUan  embryos.  The  result  was  to  show  that 
the  optic  chiasma  belongs  to  the  telencephalon,  the  boundary 
being  defined  by  the  velum  transversum  above  and  the  caudal 
surface  of  the  chiasma  ridge  below.  It  was  shown  that  the  telen- 
cephalon includes,  in  addition  to  the  hemispheres,  a  median  por- 
tion surrounding  the  rostral  part  of  the  third  ventricle.  The 
floor  of  this  telencephalon  medium  is  occupied  by  the  optic 
chiasma.  Its  roof  (roof  plate  of  His)  is  made  up  of  the  lamina 
terminalis,  lamina  supraneuroporica  and  tela  chorioidea.  The 
telencephalon  constitutes  a  complete  brain  ring  or  segment  as 
His  contended,  although  shorter  than  His  thought.  The  hemis- 
pheres are  lateral  evaginations  of  this  telencephalon  medium.  In 
the  series  of  vertebrates,  as  in  the  stages  of  the  ontogeny,  a  pro- 
gressively larger  part  of  the  telencephalon  is  evaginated  into  the 
hemispheres,  until  in  man  only  the  chiasma  ridge  and  the  small 
region  between  it  and  the  lamina  terminalis  remains  as  the  telen- 
cephalon medium. 

This  definition  of  the  di-telencephalic  boundary  has  been 
accepted  by  Herrick  (' 1 0) ,  Kappers  and  Carpenter  (' 1 1 ),  and  others, 
and  its  substantial  correctness  will  be  assumed  for  the  purposes 
of  this  paper.  If  the  di-telencephalic  boundary  is  to  be  deter- 
mined in  cyclostomes  in  the  same  way  as  in  other  vertebrates, 
it  becomes  necessary  only  to  describe  the  velum  transversum  in 
cyclostomes  accurately  and  completely,  since  the  chiasma  ridge 
is  already  well  understood. 

The  recognition  by  Sterzi  of  the  small  fold  behind  the  dorsal 
decussation  as  the  homologue  of  the  velum  transversum  of  higher 
forms  was  a  valuable  contribution  to  the  interpretation  of  the 
cyclostome  brain.  The  velum  was  recognized,  however,  only  in 
median  sections  and  the  postition  of  the  velum  in  the  median 
plane  does  not  define  the  boundary  between  the  telencephalon  and 
diencephalon.  The  writer  has  shown  at  length  elsewhere  ('U  a, 
'11  b)  the  errors  and  inconsistencies  which  arise  from  taking  into 
account  only  the  position  of  the  velum  in  the  median  plane.    It 
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is  the  point  of  attachment  of  the  velum  to  the  massive  walls  which 
determines  the  boundary  between  telencephalon  and  diencephalon. 
The  velum  transversum  is  a  fold  of  the  tela  chorioidea  having  the 
form  of  an  arch  whose  pillars  rest  on  the  massive  lateral  walls. 
This  point  of  attachment  is  the  meeting  placeof  the  taenia  thalami 
and  taenia  fomicis.  The  position  of  the  velar  arch  in  the  median 
plane  depends  upon  the  form  of  the  tela  chorioidea  of  the  third 
ventricle  as  affected  by  the  general  form  of  the  brain  and  the 
pressure  or  traction  exerted  upon  the  tela  by  surrounding  struc- 
tures. Thus  in  the  selachian  brain  the  velum  is  nearly  transverse 
and  vertical  in  position  (fig.  1)  and  is  attached  to  the  lateral  walls 
just  in  front  of  the  habenular  bodies.  In  certain  ganoids,  on  the 
other  hand,  the  velum  is  a  very  deep  fold  which  is  inclined  for- 
ward at  an  angle  greater  than  45  degrees.  The  pillars  of  the 
velum  are  attached  to  the  lateral  walls  just  rostral  to  the  habenu- 
lar bodies  exactly  as  in  selachians  (fig.  2).  The  point  of  attach- 
ment of  the  velum  to  the  lateral  walls  may  be  more  sharply  defined 
with  reference  to  the  internal  structure  of  the  massive  wall.  It 
is  just  at  the  point  of  attachment  of  the  velum  that  the  several 
categories  of  fibers  which  make  up  the  stria  medullaris  converge 
into  a  compact  bundle  to  ascend  to  the  habenular  nucleus  and 
commissure  (commissura  superior  Osbom).  In  amphibians  and 
reptiles  this  portion  of  the  lateral  wall,  to  which  the  velum  is 
attached  and  which  is  traversed  by  the  stria  medullaris,  Herrick 
('10,  p.  419)  has  called  the  eminentia  thalami.  This  low  eminence 
is  clearly  seen  in  figures  1  and  2,  but  is  not  lettered. 

A  carefxil  study  of  the  velum  transversum  in  Lampetra  shows 
that  it  is  attached  as  in  fishes  and  amphibians  immediately  rostral 
to  the  habenular  bodies  and  that  its  point  of  attachment  is  the 
dorsal  border  of  the  eminentia  thalami. 

As  is  well  known,  the  right  habenular  body  is  very  much  larger 
than  the  left,  and  each  is  bounded  ventrally  by  a  deep  groove,  the 
sub-habenular  sulcus  (figs  3,  5,  6).  At  its  rostral  end  this  deep 
sulcus  leads  into  the  dorsal  sac.  Here  it  meets  with  a  vertical 
sulcus  which  descends  in  the  brain  wall  and  curves  forward  to 
enter  the  interventricular  foramen  (figs.  5, 6,  sulcus  limitans  hippo- 
campi).    The  common  space  formed  by  the  union  of  these  two 
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deep  sulci  where  they  join  in  the  caudal  and  lateral  angle  of  the 
dorsal  sac  is  a  very  deep  and  narrow  cleft  which  may  be  called 
the  recessus  praehabenularis  (figs.  14,  18).  This  deep  recess  has 
been  formed  probably  by  the  crowding  together  of  the  brain  due 
to  pressure  from  in  front.  Below  the  habenular  body  two  nearly 
vertical  ridges  are  seen  (figs.  5,  6)  in  the  side  wall  of  the  thalamus. 
The  more  caudal  one  is  occupied  by  the  tractus  habenulo-pedun- 
cularis  (figs.  21,  22).  It  is  much  more  prominent  on  the  right, 
owing  to  the  greater  size  of  the  nucleus  habenulae  and  the  fiber 
tract  on  the  right  side.  The  more  cephalic  ridge  is  about  equally 
developed  on  the  two  sides  and  contains  the  stria  meduUaris  (figs. 
20,  21).  This  I  shall  call  the  eminentia  tbalami.  It  is  bounded 
in  front  by  the  sulcus  limitans  hippocampi  and  extends  up  in  the 
recessus  praehabenularis  as  a  narrow  ridge  (figs.  20,  26,  27).  The 
groove  separating  the  two  ridges  corresponds  to  the  sulcus  b  of 
the  selachian  brain  (Johnston  '11a)  and  to  the  sulcus  diencephal- 
icus  medius  of  Herrick  ('10)  in  amphibians. 

The  dorsal  ridge  in  front  of  the  habenular  body  is  large  in 
Lampetra  and  presents  a  slight  but  distinct  eversion  similar  to 
that  in  the  teleost  brain  (figs.  7,  30,  31).  To  this  ridge  the  writer 
formerly  ('02  a)  gave  the  name  epistriatum.  In  anticipation  of 
the  results  of  the  following  pages,  we  may  call  it  here  the  primor- 
dium  hippocampi.  It  extends  forward  over  the  interventricular 
foramen  where  it  becomes  continuous  with  the  roof  of  the  lateral 
evagination. 

In  order  to  determine  whether  this  ridge  belongs  to  the  telen- 
cephalon or  diencephalon  we  must  discover  the  point  of  attach- 
ment of  the  velum  transversiim  to  the  massive  walls.  This  point 
is  difficult  to  determine  in  most  petromyzonts  because  the  velum 
is  very  rudimentary  and  is  recognizable  only  near  the  median  line. 
This  is  true  of  the  adults  of  Petromyzon  dorsatus  and  Lampetra 
which  the  writer  has  examined,  of  Ichthyomyzon  studied  by  Herrick 
and  apparently  of  the  forms  studied  by  European  authors.  In 
the  ammocoetes  of  Petromyzon  dorsatus,  however,  the  velum  is 
better  developed  and  appears  as  a  fold  which  extends  across  the 
whole  width  of  the  tela  so  that  the  attachment  to  the  massive 
walls  can  be  determined. 
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In  order  to  demonstrate  the  pillars  of  the  velar  arch  in  this 
form  the  writer  has  made  a  plate  reconstruction  of  the  dorsal 
part  of  the  telencephalon  and  diencephalon.  Owing  to  the  com- 
pression of  the  dorsal  sac  by  the  epiphysis  and  parapineal  body  the 
velum  shows  to  best  advantage  in  sagittal  sections  and  the  recon- 
struction was  made  from  these  (fig.  8),  The  model  was  made 
from  the  left  side  of  the  brain  and  included  the  recessus  neuropori- 
cus  in  front  and  a  part  of  the  nucleus  habenulae  behind.  In 
order  to  see  as  much  of  the  velum  as  possible  the  model  has  been 
drawn  from  a  medio-ventro-caudal  direction.  This  figure  should 
be  compared  with  figure  3,  which  shows  the  left  half  of  the  fore- 
brain  from  a  model  of  another  specimen  of  Petromyzon  dorsatus 
(ammocoetes).  The  cut  surface  along  the  upper  border  of  the 
figure  corresponds  very  nearly  to  the  median  sagittal  plane.  In 
this  plane  is  seen  the  fold  described  by  Sterzi  as  the  velum  trans- 
versum.  Extending  caudo-laterally  from  this  above  the  primor- 
dium  hippocampi  is  a  fold  of  the  tela  which  continues  without 
interruption  into  the  extreme  caudo-lateral  angle  of  the  dorsal 
portion  of  the  ventricle.  The  deep  cleft  in  which  the  velum  is 
seen  in  the  figure  is  the  recessus  praehabenularis  described  above. 
In  the  depth  of  this  recess  the  lateral  pillar  of  the  velar  arch  is 
attached  to  a  small  ridge  which  is  identified  as  the  eminentia 
thalami  by  the  presence  in  it  of  the  stria  meduUaris,  As  the 
model  is  viewed  from  an  unusual  angle,  the  relations  will  perhaps 
be  more  clear  by  comparison  with  figures  23  to  27,  which  represent 
five  sections  of  the  series  from  which  the  model  was  constructed. 
The  relations  of  the  recessus  praehabenularis  and  of  the  eminentia 
thalami  in  Lampetra  are  shown  in  figures  14  to  22.  Here  the 
sulcus  praehabenularis  is  narrower  than  in  the  ammocoetes 
because  of  the  enlargement  and  crowding  of  the  surrounding  parts. 
The  disposition  of  the  velum  transversum  in  Petromyzon  dorsatus 
is  essentially  the  same  as  that  in  ganoids  and  teleosts.  The 
velum  is  not  only  inclined  far  forward  as  in  the  latter  fishes,  but 
owing  to  the  depression  of  the  dorsal  sac  by  the  overlying  epiphy- 
sis, its  middle  part  is  pressed  down  far  below  the  plane  of  attach- 
ment of  its  pillars.  The  whole  course  of  the  velum  is  diagram- 
matically  represented-in  figure  28  as  it  might  be  seen  in  the  dorsal 
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aspect  of  the  brain.  As  indicated  in  this  figure,  that  portion  of 
the  dorsal  ventricular  space  which  lies  above  the  velum  transver- 
sum  is  properly  called  the  dorsal  sac,  while  the  portion  below  the 
velum  belongs  to  the  telencephaUc  portion  of  the  third  ventricle. 
This  description  of  the  velum  transversum  makes  it  possible 
to  define  clearly  the  boundary  between  the  telencephalon  and  dien- 
cephalon.  It  is  rharked,  as  shown  in  figures  5  and  6,  by  a  line 
running  from  the  attachment  of  the  velum  transversum  upon  the 
dorso-rostral  border  of  the  eminentia  thalami  to  the  caudal  surface 
of  the  chiasma  ridge. 

The  ventricular  sulci  in  diencephalon  and  telencephalon 

Attention  has  been  called  above  to  the  sulcus  limitans  hippo- 
campi, the  dorsal  or  sub-habenular  sulcus  and  the  sulcus  b  or 
sulcus  medius.  In  figure  5  are  to  be  seen  three  other  important 
ventricular  grooves,  the  sulcus  limitans  of  His,  the  sulcus  hyjio- 
thalamicus  and  a  sulcus  connecting  the  recessus  praeopticus  with 
the  foramen  interventriculare.  The  presence  of  the  last  named  in 
embryos  and  adults  of  other  classes  of  vertebrates  has  been  pointed 
out  ('11  a).  The  further  study  of  slightly  evaginated  brains 
(cyclostomes,  ganoids  and  teleosts)  makes  it  necessary  to  with- 
draw the  view  stated  earUer  (in  '11  a,  p.  45)  that  the  sulcus  arising 
in  the  preoptic  recess  is  the  continuation  of  the  sulcus  limitans 
hippocampi. 

The  sulcus  hypothalamicus  is  seen  a  ^ort  distance  behind  the 
interventricular  foramen  divei^;ing  ventrally  froni  the  sulcus  limi- 
tans hippocampi.  It  grows  deeper  and.  descends  into  the  hypo- 
thalamus as  a  crescentic  groove.  Discussion  of  the  question 
whether  this  sulcus  or  any  part  of  it  is  comparable  to  the  sulcus 
hypothalamicus  of  the  human  brain  is  reserved.  The  name  is 
used  here  in  a  purely  descriptive  sense  and  is  evidently  appropriate. 
The  sulcus  is  the  same  as  Herrick's  sulcus  diencephalicus  ventralis. 
This  name  has  not  been  adopted  because  the  sulcus  in  all  lower 
vertebrates  is  a  transverse  rather  than  a  longitudinal  sulcus. 

The  sulcus  limitans  of  His  traverses  the  midbrain  in  the  same 
position  as  in  other  vertebrates  and  meets  the  sulcus  hypothalami- 
cus over  and  in  front  of  the  tuberculum  posterius.     It  can  not  be 
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traced  forward  to  the  preoptic  recess,  apparently  owing  to  the 
great  prominence  of  the  chiasma-ridge  and  the  supra-optic  nucleus. 

Professor  Herrick  has  given  an  account  of  the  sulci  in  Ichthyo- 
myzon  which  differs  from  the  above  account  in  important  respects. 
With  Professor  Herrick's  kind  permission  I  reproduce  his  figure 
73  as  figure  29  of  this  paper.  Comparison  of  this  with  ray  figure 
5  representing  the  model  of  the  Lampetra  forebrain  shows  that 
Herrick  has  given  the  name  sulcus  diencephaUcus  medius  to  a 
part  of  my  sulcus  hypothalamicus  and  that  he  has  described  the 
lower  end  of  this  sulcus  hypothalamicus  as  a  separate  sulcus  under 
the  name  of  the  sulcus  diencephaUcus  ventralis.  He  recognizes 
also  a  sulcus  subhabenularis  and  sulcus  diencephaUcus  dorsalis. 

As  it  was  impossible  to  harmonize  this  description  with  the 
condition  in  lampetra,  I  have  secured  for  study  at  Professor 
Herrick's  suggestion  the  identical  series  of  sections  from  which 
his  drawings  were  made.  The  sections  are  fifteen  microns  thick 
and  with  the  exception  of  a  single  broken  section  the  series  is 
perfect.  A  model  has  been  made  at  a  magnification  of  100  diame- 
ters, the  right  half  of  which  is  drawn  from  the  ventricular  surface 
in  figure  6.  The  model  when  finished  was  a  trifle  longer  than  it 
should  be,  in  the  proportion  of  94  to  90. 

Referring  to  Herrick's  figures  74  to  81,  it  should  be  noted  that 
Professor  Herrick  viewed  the  sections  from  in  front,  so  that  the 
right  side  of  the  brain  appears  in  the  left  side  of  his  figures.  Thus 
the  right  nucleus  habenulae,  which  is  the  larger,  appears  on  the 
leftside  infigiu-esSOandSl.  From  this  it  follows  that  the  recon- 
struction in  figure  73  (figure  29  of  this  paper)  represents  the 
ventricular  surface  of  the  right  half  of  the  brain  as  if  it  were  the 
left  half.  This  is  mentioned  only  to  show  that  the  model  figured 
is  properly  to  be  compared  directly  with  Herrick's  reconstruction. 

The  model  shows  the  following  points.  The  primordium  hippo- 
campi is  not  so  large  as  in  Lampetra  but  has  the  same  form  and 
relations.  The  nucleus  habenulae  projects  rostiad  somewhat 
over  the  primordium  hippocampi.  The  sulcus  limitans  hippo- 
campi and  sulcus  hypothalamicus  very  closely  resemble  those  in 
Lampetra.  The  eminentia  thalami  is  better  marked  than  in 
Lampetra,  being  a  prominent  ridge  near  the  nucleus  habenulae. 
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Behind  the  eminentia  thslamt  isa  ridge  extending  from  the  nucletis 
habenulae  to  the  interpeduncular  region  and  occupied  by  the 
tractus  habenulo-peduncularis.  Between  this  ridge  and  the  emi- 
nentia thalami  is  a  sulcus  diencephalieus  medius  which  is  some- 
what more  regular  than  in  Lampetra.  The  sulcus  limitans  of  His 
is  somewhat  less  pronounced  than  in  Lampetra. 

Professor  Herrick  thought  that  he  found  in  Ichthyomyzon  con- 
ditions which  supported  his  theory  regarding  the  division  of  the 
'  diencephalon  and  the  telencephalon  of  amphibians  into  four  lon- 
gitudinal columns.  In  amphibians  (Herrick, '  10,  p.  419)  the  sulcus 
medius  forms  the  dorsal  boundary  of  the  eminentia  thalami  and 
runs  caudally  toward  the  tuberculum  posterius.  The  statement 
that  this  sulcus  and  the  sulcus  ventralis  'converge  anteriorly  to 
the  interventricular  foramen'  is  evidently  without  foundation, 
since  the  sulcus  medius  is  situated  dorso-caudal  to  the  eminentia 
thalami  and  the  velum  transversum,  and  can  not  reach  the  inter- 
ventricular foramen.  In  the  amphibians  studied  by  the  writer 
(Am,blystoma,  Necturus,  Cryptobranchus,  Rana,  Bufo)  the  sulcus 
medius  runs  up  into  the  dorsal  sac  and  has  no  relation  to  the  inter- 
ventricular foramen.  This  fact  is  clearly  shown  also  in  Herrick's 
figures  5,  18,  19,  22,  33  and  34. 

In  Herrick's  Ichthyomyzon  figures  78,  79  and  80,  the  a.m.  cor- 
responds to  my  sulcus  limitans  hippocampi,  while  in  figure  81 
and  on  the  right  side  of  figure  80,  s.m.  is  the  sulcus  hypothalamieus. 
Consistent  with  his  indentification  of  this  with  the  sulcus  medius, 
Herrick  labels  the  area  below  it  as  the  pars  ventralis  thalami  and 
compares  it  with  the  eminentia  thalami  of  amphibians  ('10,  p. 
471),  This  interpretation  is  obviously  untenable,  since  the 
eminentia  thalami  of  amphibians  is  caudo-doreal  to  the  inter- 
ventricular foramen,  immediately  adjacent  to  the  nucleus  habe- 
nulae, is  bounded  below  by  the  sulcus  diencephalieus  ventralis 
and  is  traversed  by  the  compact  stria  meduUaris  just  before  this 
bundle  enters  the  nucleus  habenulae.  See  Herrick's  figures  17- 
to  22.  The  true  position  of  the  eminentia  thalami  in  Ichthyomy- 
zon is  clear  from  Herrick's  figures  80  and  81  in  which  the  compact 
stria  medullaris  is  about  to  enter  the  nucleus  habenulae.  These 
figures  show  that  the  eminentia  thalami  hes  as  in  amphibians  at 
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the  dorsal  border  of  the  hrain  near  the  nucleus  habenulae.  This 
is  more  clear  from  my  figure  9  which  is  drawn  from  a  section 
between  the  two  drawn  in  Herriclt's  figures  80  and  81.  In  this 
section  the  stria  medullaris  is  seen  in  the  eminentia  thalami.  In 
Herrick's  figure  81  the  stria  medullaris  has  bent  laterad  into  the 
outer  portion  of  the  nucleus  habenulae  and  the  tractus  habenulo- 
peduncularis  is  coming  down  near  the  ventricle.  Having  thus 
identified  the  eminentia  thalami,  it  is  evident  that  the  groove  in 
Ichthyomyzon  which  corresponds  to  the  sulcus  medius  of  amphi-  ' 
bians  is  the  groove  so  lettered  in  figure  6. 

Professor  Herrick  has  completely  overloooked  the  greater  part 
of  the  sulcus  limitans  hippocampi  in  Ichthyomyzon,  probably 
because  the  greater  part  of  its  course  Ues  more  or  less  parallel 
with  the  plane  of  the  transverse  sections.  For  the  same  reason 
he  failed  to  recognize  that  his  s.m.  and  s.v.  were  the  two  ends  of 
one  and  the  same  crescentic. groove.  The  model  clearly  shows 
the  true  relations  in  both  cases,  and  readily  explains  how  natural 
Professor  Herrick's  interpretation  was  in  the  absence  of  models. 

In  dealing  with  the  relations  of  the  telencephalon  and  dienee- 
phaton  in  the  dorsal  region,  Professor  Herrick  ('10,  pp.  473-4) 


On  account  of  t  he  very  small  degree  of  evagination  of  the  cerebral  hem- 
isphere in  cyclostomes  the  di-telencephalic  fissure  is  shallow  and  the  pars 
dorsalis  thalami  passes  over  without  interruption  into  the  lateral  wall 
(lobus  olfactorius)  of  the  hemisphere.  Moreover  this  fissure  does  not 
extend  upward  to  the  mid-dorsal  line  and  thus  the  dorso-mcdian  ridge 
is  able  to  pass  continuously  from  one  segment  to  the  other.  In  higher 
vertebrates  this  fissure  extends  dorsally  up  to  the  sit*  of  the  velum  trans- 
versum  and  it  is  so  deep  as  to  interrupt  the  continuity  of  both  the  ridge 
and  all  other  massive  tissue  of  the  pars  dorsalis  thalami  with  their  telen- 
cephalic  representatives. 

It  is  necessary  to  define  clearly  what  is  meant  by  the  di-telen- 
cephaUc  fissure.  In  the  human  and  mammaUan  brain  there 
is  a  great  groove  or  fissure  between  the  posterior  part  of  the 
hemisphere  and  the  thalamus,  midbrain  and  cerebellum.  Near 
the  bottom  of  this  is  the  chorioidal  fissure  of  the  hemisphere. 
Dorsally  the  fissures  of  the  two  sides  join  in  the  great  longitudinal 
fissure.     Taken  together  these  constitute  in  a  true  sense  a  margi- 
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ginal  or  limiting  fissure  of  the  hemispheres.  It  owes  its  existence 
to  the  fact  that  the  evagination  of  the  hemisphere  causes  an  angle 
or  fold  between  its  wall  and  the  wall  of  the  brain  stem.  The 
whole  fissure  may  therefore  be  referred  to  under  the  descriptive 
term,  stem-hemisphere  fissure.  When  lower  vertebrates  are 
examined  it  is  seen  that  the  stem-hemisphere  fissure  is  well- 
marked  in  reptiles  and  amphibians,  but  in  true  fishes  is  only  a 
broad  shallow  groove  or  constriction.  In  Petromyzonts,  one  of  . 
the  most  striking  features  is  the  sharp  separation  between  hemis- 
phere and  brain  stem  (fig.  7).  In  a  previous  paper  ('09)  the 
writer  has  shown  that  this  is  not  the  fine  of  division  between  telen- 
cephalon and  diencephalon.  The  groove  seen  in  figure  7  running 
froip  near  the  m^ian  line  in  front  outward  and  backward  is  the 
stem-hemisphere  fissure.  It  marks  the  boundary  between  the 
hemisphere  and  the  telencephalon  medium,  not  only  in  cyclostomes 
but  in  all  classes  of  vertebrates.  When  the  hemispheres  expand 
and  he  apposed  to  each  other  in  the  median  plane,  this  forms  the 
great  longitudinal  fissure  and  its  lateral  extension  between  the 
posterior  pole  of  the  hemisphere  and  the  brain  stem. 

Obviously  this  stem-hemisphere  fissure  can  not  be  called  a 
di-telencephalic  fissure.  The  writer  has  suggested  ('09,  p.  516) 
that  the  di-telencephalic  fissure  owes  its  origin  to  the  withdrawal 
of  tissue  to  form  the  optic  vesicle.  In  this  Professor  Herrick 
concurs  ('10,  p.  467).  The  di-telencephalic  fissure  hes  at  the 
junction  of  the  telencephalon  medium  and  diencephalon,  while  the 
hemisphere  evagination  takes  place  some  distance  farther  rostrad, 
and  the  two  are  entirely  independent.  That  this  is  so  is  perfectly 
clear  from  cyclostomes,  selachians  and  other  fishes.  The  evagina- 
tion of  the  hemispheres  has,  therefore,  nothing  to  do  with  the 
di-telencephalic  fissure  or  the  continuity  of  diencephalon  and 
telencephalon.  Further,  the  di-telencephalic  fissure  is  dorsal  in 
position  from  the  start  and  does  not  extend  farther  dorsally  in 
higher  vertebrates.  What  does  happen  is  that  in  higher  verte- 
brates more  and  more  of  the  telencephalon  medium  comes  to  be 
evaginated  into  the  hemispheres  until  the  stem-hemisphere  fissure 
gradually  approaches  the  di-telencephalic  fissure. 
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In  cyclostomes  the  di-telencephalic  fissure  is  as  clearly  present 
as  in  other  vertebrates.  It  is  marked  by  the  eminentia  thalami 
to  which  the  velum  transversum  is  attached.  In  the  ammocoetes 
of  Petromyzon  dorsatus,  at  least,  the  di-telencephalic  boundary  is 
further  marked  by  an  external  groove  (fig.  4).  Professor  Herrick 
is  in  error  in  his  speculations  regarding  the  continuity  of  the  dorsal 
part  of  the  thalamus  and  the  telencephalon  in  cyclostomes  (pp. 
474  and  477-8).  The  di-telencephalic  fissure  is  slightly  masked 
in  cyclostomes  because  of  the  crowding  back  of  the  telencephalon 
against  the  diencephalon  but  the  sulcus  medius  comes  to  the  dorsal 
border  here  precisely  as  in  amphibians  and  if  the  dorsal  column 
is  interrupted  by  the  di-telencephalic  fissure  in  amphibians,  it  is 
interrupted  in  just  the  same  way  in  cyclostomes. 

Herrick  states  (p.  472}  that  he  has  indicated  in  figure  73  by  a 
dotted  line  (s.d.)  'a  somewhat  arbitrary  boundary'  between  his 
dorso-median  ridge  (my  primordium  hippocampi)  and  his  pars 
dorsalis  thalami.  This  dotted  line  does  not  correspond  to  the 
sulcus  limitans  hippocampi  or  to  any  thing  that  I  can  find  in 
Lampetra,  Petromyzon  dorsatus,  Entosphenus  or  Ichthyomyzon. 
The  dotted  line  is  lettered  sulcus  diencephalicus  dorsalis  while  in 
the  text  (p.  470)  the  dorsal  is  spoken  of  as  synonymous  with  the 
sub-habenular  sulcus.  In  amphibians  (Herrick  '10,  431  and  fig. 
22)  the  subhabenular  and  dorsal  sulci  are  distinct  but  are  regarded 
as  two  parts  of  a  sulcus  which  separates  the  epithalamus  from  the 
dorsal  part  of  the  thalamus.  In  amphibians  the  dorsal  is  the  more 
caudal  segment  of  the  common  sulcus.  In  the  Ichthyomyzon 
diagram  the  positions  are  reversed.  In  amphibians  neither  of 
these  sulci  has  even  a  remote  relation  with  the  interventricular 
foramen,  and  both  he  wholly  within  the  diencephalon.  In  the 
Ichthyomyzon  diagram  the  line  s.d.  is  connected  with  the  foramen 
and  lies  wholly  within  the  telencephalon.  This  arbitrary  line  in 
Ichthyomyzon  has  therefore  no  relation  to  the  sulcus  dienceph- 
alicus dorsalis  of  amphibians. 

Herrick  regards  the  groove  which  extends  rostrad  from  the 
foramen  as  a  continuation  of  the  sulcus  diencephalicus  dorsalis. 
In  this  position  there  are  two  grooves  in  Ichthyomyzon  and  in 
Lampetra.     One  extends  forward  from  the  dorsal  angle  of  the 


Digitized  by  Google 


THE  TELENCEPHALON  IN  CYCLOSTOMES         353 

foramen,  the  other  from  the  ventral  angle,  and  the  two  converge 
into  the  neuroporic  recess.  The  lower  one  of  these  grooves  is  the 
one  designated  by  Herrick  as  the  telfeneephalic  extension  of  the 
sulcus  dorsaUs  (Herrick  '10,  figs.  75,  76).  The  dorso-median  ridge 
(my  promordimn  hippocampi)  ends  rostrally  in  the  sections  which 
contain  the  so-called  dorsal  olfactory  commissure.  As  seen  in  the 
model,  it  is  very  abruptly  reduced  in  dorso-ventral  thickness  at 
the  foramen  and  extends  over  the  foramen  only  as  a  slender  strand 
of  cells  (which  appears  in  Herrick's  fig,  77)  in  close  connection 
with  the  commissure.  Rostral  to  the  foramen  this  slender  ridge 
disappears  entirely  and  the  larger  ridge  which  Herrick  calls  the 
dorso-median  ridge  in  his  figures  75  and  76  contains  glomeruU  and 
olfactory  fibers  and  belongs  to  the  formatio  bulbaris.  Of  the 
two  sulci  extending  rostrally  from  the  foramen,  the  upper  one 
separates  the  dorso-median  ridge  (primordium  hippocampi)  from 
the  formatio  bulbans,  the  lower  one  separates  the  formatio  bulbaris 
from  the  medial  olfactory  nucleus. 

In  the  ammocoetes  of  Petromyzon  dorsatus  (figs.  3,  8)  there  is 
only  one  groove  extending  from  the  foramen  to  the  neuroporic 
recess.  This  sulcus  separates  the  primordium  hippocampi  from 
the  medial  olfactory  nucleus  and  there  is  no  formatio  bulbaris 
in  this  position  .  Lampetra  presents  an  intermediate  condition. 
The  two  grooves  are  nearer  together  and  the  area  of  formatio 
bulbaris  which  abuts  on  the  ventricle  is  less  than  in  Ichythyomyzon. 
These  facts  show  that  in  Ichthyomyzon  and  Lampetra  the  evagi- 
nation  of  the  hemisphere  has  not  completely  carried  out  the  formatio 
bulbaris,  but  that  a  part  of  this  formation  remains  in  the  telen- 
cephalon medium  and  forms  part  of  the  wall  of  the  median  ventri- 
cle rostral  to  the  foramen.  In  Petromyzon  dorsatus  the  evagina- 
tion  of  the  formatio  bulbaris  is  complete.  Consequently,  the 
two  sulci  in  Ichthyomyzon  and  Lampetra  may  be  regarded  as 
merged  into  one  sulcus  in  Petromyzon  dorsatus.  This  one  sul- 
cus begins  in  the  neuroporic  recess  and  passes  into  the  rostral , 
wall  of  the  lateral  ventricle,  separating  the  primordium  hippo- 
campi from  the  medial  olfactory  nucleus.  The  position  of  this 
sulcus  is  the  same  as  that  of  the  medial  zona  limitans  (hippocampi) 
in  selachians  (Johnston,  'II  a). 
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The  brain  of  Professor  Reighard's  dwarf  lamprey  presents 
larger  hemispheres  with  wider  lateral  ventricles  than  I  have  seen 
in  any  other  petromyzont. '  In  the  form  and  size  of  the  primor- 
dium  hippocampi  and  in  the  disposition  of  the  ventricular  sulci 
it  agrees  well  with  Lampetra. 

The  primordium  hippocampi 

The  description  of  the  ventriculv  sulci  has  made  clear  the 
definite  ventral  boundary  of  this  body  on  the  ventricular  side. 
Externally  a  very  deep  groove  separates  it  from  the  caudal  pole 
of  the  hemisphere  (fig.  7).  At  the  interventricular  foramen  the 
primordium  hippocampi  bends  through  the  roof  of  the  foramen 
to  become  directly  continuous  with  the  roof  of  the  hemisphere. 
Caudally,  the  sulcus  limitans  separates  this  body  sharply  from  the 
eminentia  thalami  and  nucleus  habenulae  internally,  but  on  the 
external  surface  there  is  no  visible  boundary  in  adult  Lampetra. 
In  the  ammocoetes  of  Petromyzon  dorsatus  the  external  surface 
shows  a  vertical  groove  which  marks  the  caudal  boundary  of  the 
telencephalon  (fig.  4). 

The  neurones  of  this  body  belong  to  a  special  type  which  is 
found  nowhere  else  in  the  brain  of  Lampetra.  The  same  type  of 
neurone  is  characteristic  of  the  primordium  hippocampi  of  ganoids 
and  amphibians.  As  far  as  the  writer's  studies  have  gone,  these 
neurones  are  as  truly  characteristic  of  the  primordium  hippocampi 
as  are  the  Purkinje  cells  of  the  cerebellum,  and  are  much  more 
highly  differentiated  in  cyclostomes  than  are  the  Purkinje  cells. 

In  a  fomer  paper  ('02  a,  p.  40)  these  neurones  as  they  appear  in 
Golgi  preparations  were  discribed  as  follows: 

The  cells  of  the  epistriatum  are  arranged  in  two  to  four  rows  adjoiiui^ 
the  cavity.  The  larger  end  of  the  pyramidal  cell  body  is  next  the  cavity 
and  a  large  dendrite  which  arises  from  the  apex  divides  into  two  or  more 
large  branches  which  expand  in  the  fiber  layer.  The  dendrites  bear 
numerous  small  spines  which  are  knobbed  at  the  end  (fig.  26)  in  the 
manner  characteristic  of  the  epiBtriatum,  inferior  lobes,  and  tectum  of 
Acipenser.  These  pecuUar  spines  are  found  nowhere  in  the  brain  of 
Petromyzon  except  on  the  epistriatum  cells.  These  cells  are  so  closely 
similar  to  the  epistriatum  cells  of  Acipenser  that  it  would  be  in: 
to  mistake  their  identity. 
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The  pyramidal  body  and  the  dendrites  studded  with  knobbed 
spines  are  so  characteristic  of  these  neurones  that  the  resemblance 
to  the  hippocampal  cells  in  Acipenser,  Amia  and  Raua  is  at  once 
striking  and  unequivocal.  Examples  of  these  cells  in  each  of  the 
forms  named  are  shown  in  figures  30  to  34,  for  comparison  with  the 
'  cells  in  Lampetra.  The  bodies  of  the  neurones  in  Lampetra  stand 
near  the  ventricle  and  their  dendrites  divide  into  a  few  relatively 
straight  branches  which  traverse  the  thickness  of  the  wall,  often 
reaching  the  outer  surface  (figs,  30,  31). 

When  we  look  for  the  boundary  between  the  primordium 
hippocampi  and  the  epithalamus,  the  internal  structure  as  seen  in 
horizontal  sections  seems  to  furnish  the  necessary  data.  First, 
there  is  no  difference  in  the  internal  structure  of  the  whole  dorso- 
median  ridge  bounded  by  the  foramen  and  the  sulcus  limitans 
hippocampi.  Everywhere  it  is  filled  by  the  pecuUar  type  of 
neurones  just  described  and  nowhere  is  there  any  change  of  finer 
structure  which  would  lead  us  to  say  that  any  two  or  more  parts 
of  it  represenrt  different  functional  centers.  However,  the  moment 
the  sulcus  limitans  hippocampi  is  passed  in  any  direction  we  come 
upon  neurones  of  types  wholly  different  from  those  of  this  ridge. 
This  can  not  be  accidental;  it  must  be  the  expression  of  functional 
differentiation. 

The  neurones  of  the  so-called  striatum  have  been  described  and 
figured  in  my  earUer  paper  ('02  a,  figs  18,  19).  They  are  bipolar 
or  multipolar  cells  with  irregularly  curved  and  branching  dendrites 
free  from  spines.  The  neruones  of  the  nucleus  habenulae  have 
also  been  figured  ('02  a,  fig.  16;  this  paper,  figs.  17  to  20).  They 
are,  hke  those  in  Acipenser,  small  cells  with  short  very  irregular 
dendrites  often  with  enlarged  tips  bearing  tufts  of  small  branches. 
The  subhabenular  region  is  broadly  continuous  with  the  primor- 
dium hippocampi  but  the  boundary  line  is  very  distinct  in  Golgi 
sections.  The  typte  of  neurones  pecuhar  to  the  primordium  hip- 
pocampi stops  abruptly  along  a  line  drawn  latero-caudad  from 
the  sulcus  limitans  hippocampi  (see  figures  of  horizontal  sections, 
18,  19,  20).  At  the  same  time  along  this  same  line  end  abruptly 
the  parallel  fibers  coursing  lengthwise  through  this  ridge.  At 
this  Une  the  fibers  are  cut  off  in  horizontal  sections  because  they  are 
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turning  up  into  the  nucleus  habenulae,  as  is  seen  in  the  most 
dorsal  sections.  Compare  figures  15,  16  and  19,  20.  Behind  the 
Une  mentioned  there  is  a  wholly  irregular  tangle  of  nerve  fibers  and 
farther  back  the  fibers  of  the  optic  tract.  Scattered  among  the 
tangled  fibers  are  bipolar  and  multipolar  neurones  with  long  sinu- 
ous dendrites  devoid  of  spines.  The  type  of  structure  of  the  two 
bodies  as  a  whole  is  as  strikingly  different  as  are  the  individual 
neurones  found  in  them. 

In  transverse  sections,  owing  to  the  direct  contiguity  and  the 
oblique  overlapping  of  the  primordium  hippocampi  and  the  epi- 
thalamus,  the  boundary  is  of  course  not  so  clear,  but  there  is  a 
very  abrupt  transition  from  one  type  of  neurones  to  the  other 
which  strongly  suggests  the  distinctness  of  the  two  centers. 

Tretjakoff  ('09)  gives  a  very  imperfect  description  of  the  'prae- 
thalamus'  without  figures.  He  states  that  its  cells  are  much 
like  those  of  the  thalamus  and  that  the  only  afferent  or  efferent 
tract  connected  with  the  praethalamusis  constituted  by  the  fibers 
from  the  parapineal  organ.  These  reach  the  praethalamus  after 
crossing  in  the  habenular  commissure.  The  praethalamus  serves 
as  a  rudimentary  perception  center  for  the  parapineal  eye.  "  Eine 
andere  Bedeutung  des  Prathalamus  iSsst  sich  bei  Anunocoetes 
kaum  vermuten,  da  ungeachtet  der  grossen  Zahl  der  Zellen  der 
Prathalamus  von  Anunocoetes,  nach  meinen  Untersuchungen, 
keine  eigenen  aus-  oder  zu  filhrenden  Bahnen  hat."  The  author 
was  evidently  impressed  with  the  inadequacy  of  the  parapineal 
tract  to  account  for  so  large  a  center  with  a  great  number  of  cells. 
This  impresses  us  much  more  when  we  remember  that  the  para- 
pineal organ  and  tract  exist  only  on  the  left  side.  According 
to  TretjakofF's  description  the  fibers  cross  in  the  commissure  to 
enter  the  (right)  praethalamus.  Hence  the  left  'praethalamus' 
is  wholly  devoid  of  afferent  fibers  according  to  this  author,  and 
we  are  led  to  suppose  that  a  large  center,  rich  in  highly  developed 
cells  exists  in  Ammocoetes  totally  without  function.  The  writer 
has  found  no  evidence  in  his  preparations  that  the  parapineal 
tract  enters  the  'praethalamus'. 

Schilling  ('07)  isinclinedto  the  opinion  that  the 'praethalamus' 
belongs  to  the  telencephalon  (p.  431 ;  Herrick  cites  him  erroneously 
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on  p.  473)  and  points  out  that  it  is  separated  from  the  nucleus 
habenulae  by  a  deep  ventricular  sulcus.  He  did  not  distinguish 
the  characteristic  cells  of  the  'praethalamus, '  but  describes  the 
passage  through  it  of  the  bundles  of  the  taenia  thalami  which 
give  off  collaterals  to  it. 

None  of  the  authors  who  have  studied  the  petromyzont  brain 
have  used  methods  adequate  to  the  differentiation  of  the  types  of 
cells  characteristic  of  the  so-called  praethalamus  and  the  parts 
adjacent  to  it.  No  method  is  so  well  adapted  to  this  purpose  as 
the  Golgi  method  and  the  description  of  this  region  given  by  the 
writer  in  1902  stands  as  the  most  complete  heretofore  given.  That 
description  gave,  however,  a  very  incomplete  account  of  the  facts 
shown  in  mypreparations  and  the  deficiencyis  to  some  extent  made 
up  in  the  figures  accompanying  this  paper.  The  'praethalamus' 
of  authors  is  sharply  distinguished  from  the  epithalamus  and 
thalamus  not  only  by  the  ventricular  sulci  but  by  the  well  marked 
characteristics  of  its  cells  and  by  the  course  of  fibers  which  traverse 
it. 

Between  this  body  and  the  roof  of  the  hemisphere  there  is  in 
the  same  way  a  clear  difference  in  the  type  of  cells.  This  has 
been  suflBciently  illustrated  earlier  ('02  a)  and  there  is  no  dispute 
among  authors  upon  this  point. 

The  fiber  tracts  related  to  the  pnmordium  hippocampi 

These  fiber  tracts  have  been  very  imperfectly  understood. 
Both  Schilhng  ('07,  p.  432)  and  Tretjakoff  ('09,  p.  731)  state  that 
no  tracts  connected  with  this  nucleus  were  seen. 

The  stria  medullaris  is  perhaps  less  complex  in  petromyzonts 
than  in  the  higher  fishes,  but  at  least  four  bundles  related  to  the 
telencephalon  are  present.  (Fibers  connecting  the  epithalamus 
with  other  parts  of  the  diencephalon  will  not  be  considered  here). 
One  of  these  bundles  comes  from  the  medial  olfactory  nucleus, 
enters  the  primordium  hippocampi  near  its  rostral  end  above  the 
foramen  and  seems  to  pass  over  the  dorsal  ventricular  surface  of 
this  body  to  enter  the  nucleus  habenulae  (figs.  14  to  19,  25,  26, 
35).     It  is  by  no  means  certain  that  this  is  a  continuous  tract. 
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A  tract  from  the  medial  olfactory  nucleus  over  the  foramen  inter- 
ventriculare  to  the  nucleus  habenulae  is  not  known  in  other  verte- 
brates. The  fibers  posing  up  from  the  medial  olfactory  nucleus 
aS  far  as  the  primordium  hippocampi  occupy  the  same  place  as 
the  tractus  olfacto-corticaiis  septi  in  selachians  and  amphibians. 
If  these  fibers  end  in  the  primordium  hippocampi,  then  what 
appears  to  be  the  continuation  of  them  to  the  nucleus  habenulae 
must  be  classed  as  cortico-habenular  fibers.  A  second  bundle 
comes  from  the  lateral  and  caudal  walls  of  the  hemisphere,  passes 
up  behind  the  foramen  throi^  the  inner  and  lower  part  of  the 
primordium  hippocampi  to  join  with  the  first  as  it  enters  the 
nucleus  habenulae  (figs.  17,  18,  19).  This  is  the  tractus  olfacto- 
habenularis  of  authors.  A  third  bundle  comes  from  the  preoptic 
region  and  joins  the  first  two  (fig.  35).  These  three  bundles  unite 
into  a  lai^e  compact  bundle  which  traverses  the  eminentia  thalami 
at  the  bottom  of  the  prehabenular  recess  and  enters  the  nucleus 
habenulae  (figs.  19,  26,  27).  The  fourth  component  of  the  stria 
medullaris  is  very  diffuse  and  comes  from  the  whole  thickness  of 
the  primordium  hippocampi.  Axones  arising  from  the  cells  of 
the  primordium  are  seen  in  many  cases  passing  at  first  peripherally 
among  the  dendrites  of  these  cells  and  then  turning  to  run  toward 
the  nucleus  habenulae  through  the  substance  of  the  primordium 
hippocampi.  It  is  these  fibers  in  addition  to  the  first  and  second 
bundles  above  described  that  give  a  longitudinal  striation  to  the 
whole  of  this  body.  At  the  caudal  end  of  the  primordium  these 
fibers  enter  the  nucleus  habenulae  caudal  and  somewhat  dorsal 
to  the  compact  bundle  of  the  stria  medullaris  (figs.  16,  17). 

The  left  nucleus  habenulae  is  very  small  in  Lampetra  and  nearly 
all  the  left  stria  medullaris  enters  the  superior  commissure.  In 
the  preparations  from  which  figures  14  to  22  were  drawn  no  fibers 
were  seen  ending  in  the  left  nucleus.  The  view  expressed  in  the 
writer's  paper  on  Acipenser  ('01,  p.  115)  that  the  larger  size  of 
the  right  nucleus  is  correlated  with  the  ending  of  a  larger  por- 
tion of  the  tractus  olfacto-habenularis  in  the  right  nucleus  is 
strongly  supported  in  Lampetra.  The  superior  commissure  pre- 
sents two  main  divisions,  a  more  rostral,  compact  bundle  and  a 
more  caudal  portion  made  up  of  several  strands  (figs.  17,  18). 
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The  rostral  bundle  is  composed  of  fibers  from  the  first  bundle 
described  above  and  its  fibers  seem  to  end  in  the  fiber-mesh  of  the 
right  nucleus  (figs.  18,  19).  The  corresponding  bundle  of  the 
right  side  meets  with  the  left  and  seems  to  end  with  it  in  the  right 
nucleus. 

The  strands  of  the  more  caudal  division  of  the  commissure  are 
made  up  of  fibers  of  the  remaining  three  bundles  intermingled. 
Many  of  these  fibers  end  in  the  fiber  mesh  of  the  right  nucleus 
but  many  others  pass  through  the  nucleus  without  ending.  This 
is  especially  evident  in  such  horizontal  sections  as  those  drawn  in 
figures  17  to  20.  At  least  a  part  of  these  fibers  clearly  appear  to 
be  those  which  arise  in  the  primordium  hippocampi.  If  so,  it  is 
probable  that  these  fibers  end  in  the  corresponding  body  on  the 
other  side  and  are  homologous  with  the  posterior  palUal  commis- 
sure which  is  prominent  in  selachins,  ganoids,  teleosts  and  amphi- 
bians. 

The  fibers  in  the  caudal  division  of  the  commissure  which  end 
in  the  right  nucleus  may  include  those  parts  of  the  tractus  olfacto- 
habenularis  which  in  other  fishes  arise  in  the  lateral  olfactory 
nucleus  and  in  the  nucleus  praeopticus.  These  may  also  include 
fibers  from  the  primordium  hippocampi  which  would  belong  to 
the  tractus  cortico-habenularis. 

It  seems  reasonably  certain  from  the  study  of  these  Golgi  sec- 
tions that  the  stria  medullaris  contains  the  equivalent  of  the 
tractus  olfacto-habenularis  lateralis  and  posterior,  and  the  com- 
missura  palU  posterior  as  described  in  the  selachian  brain.  Nearly 
all  of  these  fibers  from  the  left  side  cross  in  the  superior  commis- 
sure. 

The  writer  has  described  ('02  a,  pp.  38,  40)  two  afferent  tracts 
ending  in  the  primordium  hippocampi;  one  ascending  from  the 
hypothalamus  and  one  coming  from  the  formatio  bulbaris.  The 
former  has  since  been  called  tractus  pallii  in  all  fishes  and  is  re- 
garded as  the  ascending  gustatory  tract  entering  the  telencephalon 
for  the  sake  of  correlation  of  gustatory  with  olfactory  impulses. 
This  tract  decussates  in  the  post-optic  commissure  and  ascends 
over  the  internal  face  of  the  tractus  opticus  to  enter  the  primor- 
dium hippocampi  from  below  and  behind. 
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The  fibers  which  enter  the  rostral  end  of  the  primordium  hippo- 
campi from  the  formatio  bulbaris  are  of  course  part  of  the  olfactory 
tract.  In  the  previous  description  ('02a,  p.  40)  it  was  stated  that 
these  come  chiefly  from  the  opposite  side,  crossing  in  the  olfactory 
decussation.  The  contribution  of  the  commissure  to  the  fiber 
bundle  entering  the  primordium  hippocampi  is  illustrated  in  figure 
24.  Further  study,  both  of  the  preparations  used  at  that  time 
and  of  new  preparations,  has  shown,  however,  that  a  much  larger 
number  of  direct  fibers  are  present  than  was  previously  thought. 
These  fibers  are  soon  mingled  with  the  fibers  of  the  first  and  second 
bundles  of  the  stria  medullaris  mentioned  above  and  can  not  be 
distinguished  with  certainty.  It  is  clear,  however,  that  many 
fibers  which  enter  from  in  front  break  up  into  end  branches  in 
the  primordium  hippocampi.  Since  we  know  of  no  other  animals 
in  which  olfactory  tract  fibers  run  without  relay  to  the  nucleus 
habenulae,  the  presumption  is  strong  that  these  olfactory  tract 
fibers  end  In  the  primordium  hippocampi.  This  is  the  more  prob- 
able in  view  of  the  fact  that  in  selachians  corresponding  fibers  are 
present  which  end  in  the  primordiimi  hippocampi  in  part  on  the 
same  side  and  in  part  after  crossing  In  a  commissure  situated  above 
the  neuroporic  recess. 

Schilling  and  Tretjakoff  both  state  that  the  fibers  of  the  tractus 
olfacto-habenularis  give  collaterals  to  the  'praethalamus.'  Such 
endings  would  represent  a  rudimentary  tractus  olfacto-cortlcahs. 
On  comparative  grounds  the  presumption  Is  strong  that  those 
fibers  mentioned  above  which  run  up  form  the  medial  olfactory 
nucleus  rostral  to  the  interventricular  foramen  to  enter  the  prim- 
ordium hippocampi  must  constitute  a  tractus  olfacto-corticalis. 

The  efferent  tract  from  the  primordium  hippocampi  has  thus 
far  been  very  imperfectly  understood.  The  writer  described  fibers 
descending  to  the  'striatum'  and  these  have  been  confirmed  by 
Tretjakoff.  These  fibers  are  fine  and  do  not  appear  in  sufficient 
numbers  in  my  preparations  to  warrant  the  conclusion  that  they 
represent  the  chief  or  only  efferent  path  of  this  highly  differen- 
tiated nucleus.  Neither  is  it  clear  that  they  end  in  the  '  striatum '. 
It  is  possible  that  they  pass  through  the  'striatum'  but  are  not 
impregnated  beyond.  Other  fibers  may  descend  in  the  tractus 
pallii,  as  this  tract  in  selachians  and  ganoids  contains  descending 
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fibers.  The  pathway  by  which  the  fornix  columns  run  in  all 
higher  classes  is  occupied  by  a  broad  bundle  of  fibers  cohnecting 
the  medial  olfactory  nucleus  with  the  primordium  hippocampi 
(see  above).  If  any  fibers  descend  through  this  to  reach  the 
hypothalamus,  they  would  represent  the  fornix  columns.  We 
must  await  further  investigations  upon  these  points. 

We  may  now  summarize  the  evidence  for  the  interpretation  of 
this  ' praethalamus '  or  'dorso-median  ridge,'  which  has  been 
assumed  in  using  the  name  primordium  hippocampi. 

(a)  Its  caudal  end  is  just  in  front  of  the  eminentia  thalami  to 
which  the  velum  transversxmx  is  attached.  It  is  therefore  wholly 
within  the  telencephalon. 

(b)  It  contains  highly  developed  and  specialized  cells  of  a  type 
which  is  characteristic  of  the  primordium  hippocampi  in  selachians 
ganoids,  teleosts  and  amphibians. 

(c)  It  is  bounded  by  a  ventricular  sulcus  which  agrees  closely 
in  position  with  the  sulcus  Umitans  hippocampi  of  selachians, 
ganoids  and  teleosts. 

(d)  Along  the  line  of  this  sulcus  there  is  a  sudden  change  from 
the  characteristic  cells  to  cells  of  very  different  form  in  the  thalamus, 
epithalamus  and  hemisphere.  This  abrupt  change  of  structure  is 
comparable  to  the  zona  Umitaos  of  fishes  and  amphibians. 

(e)  It  is  traversed  by  a  part  of  the  tractus  olfacto-habenularis 
as  in  ganoids  and  teleosts. 

(f)  it  has  true  commissural  fibers  passing  through  the  superior 
commissure  as  in  fishes  and  amphibians(commissura  pallii  pos- 
terior). 

(g)  It  receives  from  in  front  fibers  of  the  olfactory  tract,  direct 
and  crossed,  comparable  to  those  in  selachians  and  in  part  to 
those  of  ganoids  and  amphibians. 

(h)  It  receives  a  tractus  pallii  ascending  from  the  hypothalamus 
as  in  all  fishes.  The  center  is  therefore  to  be  regarded  as  anolfacto- 
gustatoiy  correlation  center. 

(i)  It  appears  probable  that  there  is  a  tertiary  olfactory  tract 
ending  in  this  body  {tractus  olfacto-corticaUs). 

Admitting  such  uncertainty  as  exists  in  the  present  state"  of  our 
knowledge  regarding  the  posterior  pallial  commissure  and  the 
tertiary  olfactory  connections,  we  have  here  a  body  of  evidence 
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which  leaves  no  reasonable  ground  for  doubt  that  tbe  body  in 
question  is  the  homologue  of  the  primordium  hippocampi  as 
described  in  fishes  and  amphibians. 

There  is  no  ground  whatever  for  Professor  Herrick's  assumption 
('10,  p.  473)  that  the  greater  part  of  this  body  belongs  to  the  epi- 
thalamus,  while  a  smaller  rostral  portion  represents  tbe  primordium 
hippocampi. 

The  fact  of  greatest  interest  regarding  this  body  is,  perhaps, 
that  the  primordium  of  the  visceral  cortical  complex  of  higher 
animals  (hippocampus,  fornix,  and  related  structures)  remains  in 
cyelostomes  in  the  telencephalon  medium.  As  has  been  pointed 
out  in  previous  papers  ('10  c,  '11  a)  the  hemisphere  evagination  in 
vertebrates  involves  at  first  only  the  primary  olfactory  centers  and 
it  is  only  in  later  stages  of  phylogeny  that  the  cortical  substance 
is  evaginated. 

Anterior  ■pcdlial  commissure 

This  has  been  known  as  the  dorsal  olfactory  decussation,  the 
dorsal  part  of  the  anterior  commissure,  and  by  other  names. 
SchiUing  speaks  of  this  as  the  anterior  commissure  and  makes 
only  minor  mention  of  the  true  anterior  commissure.  Schilling 
recognizes  in  this  dorsal  commissure  fibers  connecting  the  formatio 
bulbaris  of  the  two  sides  and  fibers  connecting  each  formatio  bul- 
baris  with  the  opposite  lobus  olfactorius.  The  writer  has  described 
■  fibers  connecting  the  lobus  of  one  side  with  the  opposite  primor- 
dium hippocampi.  In  addition,  there  are  to  be  mentioned  fibers 
which  come  to  the  commissure  from  the  area  of  union  of  the  caudal 
wall  of  the  hemisphere  with  the  telencephalon  medium  (fig.  22). 
A  certain  determination  of  the  nature  of  these  fibers  depends 
on  the  further  study  of  the  region  from  which  they  arise.  They 
may  correspond  to  the  fibers  in  selachians  to  which  the  writer  has 
given  the  name  corpus  callosum.  The  matter  of  greatest  moment 
in  this  connection  is  the  existence  in  the  lowest  order  of  verte- 
brates of  a  commissure  located  in  the  lamina  supraneuroporica. 
The  writer  has  shown  elsewhere  that  the  corresponding  commissure 
in  selachians  is  large  and  important,  and  must  reiterate  the  view 
that  this  dorsal  or  supraneuroporic  commissure  is  primitive  and 
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fundamental  in  vertebrates.  A  further  examination  of  the  patlial 
commissures  in  reptiles  and  mammals  with  reference  to  this  is  in 
progress  (see  '10  c),  • 

Anterior  commissure 

This  commissure  is  rather  small  in  cyclostomes.  It  lies  in  the 
lamina  temiinalis  in  front  of  the  preoptic  recess  as  in  all  verte- 
brates. Its  constitution  is  not  at  all  clearly  known.  Its  fibers 
probably  come  from  the  basal  (lateral)  olfactory  area  and  the 
so-called  'striatum.' 

The  '  striaium ' 

The  region  to  which  the  name  striatum  has  been  applied  includes 
the  supraoptic  portion  of  the  telencephalon  medium  and  an 
adjacent  part  of  the  hemisphere  (figs.  5,  6,  22).  It  is  clear  that 
this  corresponds  roughly  to  the  striatum  of  other  fishes.  The 
,  writer  has  shown  ('02  a,  p.  41)  that  the  descending  fibers  from  the 
.'striatum'  go  to  the  thafamus  and  not  to  the  hypothalamus. 
From  this  region  fibers  pass  through  the  anterior  palhal  commis- 
sure, as  noted  above.  These  facts  suggest  that  the  striatal  region 
corresponds  to  or  contains  the  equivalent  of  the  somatic  area  of 
selachians.     Any  decision  on  this  point  must  await  further  study. 

Mode  of  evagination  of  hemispheres.     Zona  limitans 

The  cyclostomes  taken  in  comparison  with  higher  forms  give 
clear  evidence  of  the  principle  announced  by  the  writer  ('10  c, 
'11  a)  that  the  hemispheres  are  lateral  evaginations  of  the  telen- 
cephalon which  have  gradually  involved  the  formatio  bulbaris, 
the  lobus  olfactorius  and  the  pallium  in  the  order  named.  The 
comparison  of  the  cyclostomes  with  selachians  and  amphibians 
with  reference  to  the  mode  by  which  the  more  fully  evaginated 
brains  have  come  to  have  their  present  form,  is  very  important 
for  the  interpretation  of  these  higher  brains. 

If  attention  be  given  to  the  models  shown  in  figures  6,  6  and  7, 
it  will  be  seen  that  the  further  evagination  of  the  hemisphere 
involves  the  turning  out  of  the  primordium  hippocampi  and  the 
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striatal  area  through  the  foramen  into  the  caudal  portion  of  the 
hemisphere.  Somewhat  more  than  the  rostral  half  of  the  hemis- 
phere is  oceypied  by  formatio  bulbaris.  The  further  evagination 
would  enlarge  the  caudal  part  of  the  hemisphere  until  it  became 
larger  than  the  rostral  part.  At  the  same  time  the  hemisphere 
is  drawn  forward  by  the  elongation  of  the  rostrum,  the  olfactory 
bulb  becomes  separated  form  the  caudal  part  of  the  hemisphere 
and  a  longer  or  shorter  tractus  olfactorius  or  olfactory  peduncle  is 
established. 

The  relations  of  the  primordium  hippocampi  to  the  roof  of  the 
enlarging  hemisphere  are  especially  interesting.  We  have  pointed 
out  that  there  is  an  abrupt  change  of  structure  between  the  prim- 
ordium and  the  roof  of  the  hemisphere  which  may  he  called  a  zona 
limitans.  As  the  primordium  hippocampi  pushes  out  into  the 
roof  of  the  hemisphere  this  zona  limitans  would  be  placed  suc- 
cessively farther  and  farther  laterad  in  this  roof.  In  selachians 
('11  a)  this  zona  limitans  runs  from  the  olfactory  peduncle  back- 
ward aloi^  the  dorso-lateral  wall  of  the  lateral  ventricle.  For 
a  long  time  in  the  phylogeny  there  remains  a  portion  of  the  primor- 
dium hippocampi  in  the  telencephalon  medium  extending  along 
the  doraal  border  of  this  region  to  the  point  of  attachement  of  the 
velum  transversum  to  the  eminentia  thalami.  In  this  position, 
where  the  whole  of  the  primordium  is  located  in  cyclostomes, 
there  exists  in  Chimaera  ('10  d)  and  selachians  ('11  a)  a  slender 
ridge  of  gray  matter  accompanied  by  the  fibers  of  the  posterior 
palUal  commissure.  In  ganoids  and  teleosts  ('11  b),  where  the 
evagination  of  the  hemispheres  has  been  arrested,  the  primordium 
has  retained  in  the  caudal  part  of  the  telencephalon  essentially 
the  relation  which  it  holds  in  cyclostomes  and  has  taken  part  in 
the  eversion  of  the  forebrain.  In  amphibians  the  evagination  has 
gone  farther  than  in  selachians,  the  primordium  hippocampi  occu- 
pying the  roof  portion  of  the  hemisphere  and  the  zona  limitans 
being  carried  farther  down  in  the  lateral  wall.  There  is  still  left 
in  the  telencephalon  medium,  however,  a  small  part  of  the  primor- 
dium hippocampi  corresponding  to  that  in  selachians,  although 
shorter  (Johnston,  '06).  Herrick  ('10,  p.  476)  has  endeavored  to 
show  that  this  structure  belongs  to  the  eminentia  thalami.    It 
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is  of  course  directly  adjacent  to  the  eminentia  thalami  and  Pro- 
fesssor  Herrick  has  apparently  thought  that  more  was  to  be  included 
in  the  unevaginated  primordium  hippocampi  than  the  writer 
intended.  This  structiu^  is  the  continuation  of  the  fimbria- 
border  of  the  hemisphere  into  the  dorsal  border  of  the  telencephalon 
medium  until  it  meets  the  eminentia  thalami.  This  small  rem- 
nant of  the  primordium  is  seen  in  a  model  of  the  forebrain  of 
Necturus  standing  vertically  rostral  to  the  eminentia  thalami  and 
separated  from  the  latter  by  a  groove.  Figure  36  will  show  more 
clearly  the  relations  of  this  structure.  Deep  fibers  related  to  the 
cells  of  this  unevaginated  body  enter  the  hippocampal  commissure 
as  already  described. 

As  the  evagination  proceeds  the  caudal  part  of  the  hemisphere 
soon  extends  rostrad  beyond  the  level  of  the  interventricular 
foramen  and  the  lamina  terminalis.  This  is  already  true  in  selach- 
ians and  in  amphibians  and  reptiles  the  hemisphere  protrudes  far 
rostrally  {fig.  37).  In  selachians,  it  has  already  been  pointed  out 
that  the  sulcus  limitans  hippocampi  continues  rostrally  beyond 
the  laterally  placed  olfactory  peduncle  and  encircles  the  rostral 
wall  of  the  hemi^here  to  end  at  the  neuroporic  recess  (figs.  38, 
39).  This  portion  of  the  sulcus  was  called  the  medial  sulcus 
limitans  hippocampi.  As  compared  with  cyclostomes,  the  con- 
dition in  selachians  has  resulted  from  the  continued  evagination 
which  has  carried  the  olfactory  bulbs  far  laterad  and  has  brought 
the  greater  part  of  the  primordium  hippocampi  into  the  roof  of 
the  hemisphere.  The  region  of  the  medial  olfactory  nucleus  has 
bulged  forward  beyond  the  lamina  terminalis,  and  the  sulcuswhich 
separates  the  primordium  from  the  medial  olfactory  nucleus  in 
front  of  the  interventricular  foramen  in  Petromyzon  comes  in 
selachians  to  Ue  in  the  medio-rostral  wall  of  the  hemisphere.  In 
both  classes  it  runs  from  the  neuroporic  recess  into  the  lateral 
ventricle  and  marks  the  line  of  separation  of  the  same  structures. 
It  is  properly  called  the  sulcus  (or  zona)  limitans  medialis.  In 
amphibians  the  conditions  are  essentially  the  same  (fig.  37). 

Professor  Herrick's  view  as  to  the  evagination  of  the  hemispheres 
and  the  relation  of  his  four  columns  to  them  is  summarized  in 
the  following  paragraph  ('10,  p.  477) : 


Digitized  by  Google 


366  J.   B.   JOHNSTON 

The  roof  plate  and  floor  plate  converge  into  the  lamina  terminalis, 
where  of  course  they  end.  The  four  massive  columns  on  each  side  con- 
verge into  the  interventricular  foramen,  and  in  larvae  with  wide  fora- 
mina and  adult  urodeles  they  may  be  followed  through  the  foramina 
into  the  evaginated  hemispheres.  Bearing  in  mind  the  fact  that  durii^ 
development  the  roof  plate  and  floor  plate  retain  permanently  their 
primitive  attachments  to  the  lamina  terminalis,  and  that  it  is  only  the 
massive  lateral  columns  which  are  evaginated  into  the  hemispheres,  it 
clearly  follows  that  these  columns  of  the  diencephalon  are  continued  into 
the  hemispheres  in  the  form  shown  by  the  accompanyii^  diagram  (6g. 
84),  the  zona  limitans  laterahs  representing  the  locus  of  the  sulcus  medius 
and  the  zona  limiants  medialis  the  line  of  imion  of  the  dorsal  and  ventral 
columns  in  the  lateral  evaginations  rostral  to  the  fusion  of  the  roof  plate 
and  floor  plate  in  the  lamina  terminalis. 

It  has  been  noted  elsewhere  ('11  b,p.540)  that  the  assignment  of 
the  lamina  terminalis  in  this  paragraph  to  the  floor  plate  was  an 
error  of  inadvertanee.  It  has  been  shown  also  ('11  b,  pp.  534, 
535  and  in  this  paper)  that  the  sulcus  diencephalicus  medius  has 
no  relation  with  the  interventricular  foramen  or  the  zona  limitans 
lateraUs  either  in  amphibians,  fishes  or  cyclostomes. 

The  conception  of  the  folding  over  of  the  lateral  walls  of  the 
diencephalon  illustrated  in  Professor  Herrick's  figures  83  and  84, 
such  that  the  dorsal  and  ventral  borders  fuse  in  the  medial  zonae 
limitantes  to  form  two  tubes  extending  forward  (the  hemispheres), 
seems  to  the  writer  to  be  without  basis  in  fact. 

In  figure  72  Herrick  ('10)  has  ^ven  a  diagram  of  the  forebrain 
in  a  hypothetical  vertebrate  ancestor.  In  this  the  representation 
of  the  sulcus  dorsaUsissubject  to  the  criticisms  madeabove  (p.  352). 
No  ground  is  given  for  the  assumption  that  the  retinal  area  does 
not  involve  the  dorsal  border  of  the  brain,  except  the  erroneous 
supposition  that  there  is  no  di-telencephalic  fissure  in  cyclostomes. 
The  sulcus  medius  is  represented  as  a  horizontal  sulcus  ex- 
tending caudad  from  the  site  of  the  interventricular  foramen, 
whereas  in  all  lower  vertebrates  it  runs  nearly  vertically  up  into 
the  dorsal  sac.  The  sulcus  ventralis  should  lead  to  the  site  of 
the  interventricular  foramen  as  it  does  in  cyclostomes,  selachians 
and  amphibians.  The  terminal  ridge  is  represented  as  an  inde- 
pendent thickening  rostral  to  the  chiasma  ridge,  whereas  the  ter- 
minal ridge  in  all  vertebrate  embryos  itself  becomes  the  bed  for 
the  optic  chiasma  (Johnston  '09). 
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SXJMMARY 

The  evagination  of  the  hemispheres  is  at  a  low  stage  in  petro- 
myzonts.  In  Ichthyomyzon  and  Lampetra  the  formatio  bulbaris 
is  not  all  evaginated.  The  fact  that  a  part  of  the  wall  of  the  third 
(median)  ventricle  in  these  forms  is  made  up  of  formatio  bulbaris 
ought  to  be  convincing  evidence,  if  any  further  evidence  is  needed, 
that  a  part  of  the  third  ventricle  belongs  to  the  telencephalon.  A 
large  part  of  the  secondary  olfactory  centers  is  evaginated,  but 
a  relatively  much  larger  portion  of  these  centers  remains  in  the 
telencephalon  medium  than  in  the  case  of  selachians.  The  prim- 
ordium  hippocampi  remains  wholly  in  the  telencephalon  medium. 
The  exact  relations  of  the  somatic  area  await  further  study. 

The  di-telencephalic  boundary  is  marked  by  the  attachement 
of  the  velum  transversum  to  the  eminentia  thalami  as  in  selachians 
.  ganoids  and  amphibians.  The  eminentia  thalami  is  a  well-marked 
ridge  just  rostral  to  the  nucleus  habenulae,  bounded  by  the  sulcus 
medius  and  by  the  sulcus  Umitans  hippocampi,  and  traversed  by 
the  stria  meduUaris. 

The  telencephalon  medium,  which  is  relatively  larger  than  in 
higher  vertebrates,  stands  as  a  wedge-shaped  mass  between  the 
hemispheres.  Its  massive  nervous  walls  are  connected  with  one 
another  by  the  lamina  terminalis,  lamina  supraneuroporica  and 
tela  chorioidea.  The  membranous  roof  plate  (His)  in  the  telen- 
cephalon of  petromyzonts  connects  the  two  simple  unevaginated 
lateral  walls  of  the  neural  tube  as  in  any  other  segment.  The 
hemispheres  are  evaginations  of  restricted  areas  of  these  lateral 
walls.  The  foramen  is  roofed  over  by  the  massive  primordium 
hippocampi  and  there  is  no  extension  of  the  tela  chorioidea  into 
the  roof  of  the  hemispheres. 

The  primordium  hippocampi  is  represented  by  the  'praethala- 
mus '  of  previous  authors  (the  epistriatum  of  my  earlier  paper,  '02 
a).  It  is  a  large  body  having  a  highly  developed  and  characteristic 
finer  structure  which  already  presents  most  of  the  relations  of  the 
primordium  hippocampi  of  higher  forms  (see  text).  The  two 
primordia  converge  forward  to  form  a  bed  for  the  anterior  paltial 
commissure  in  the  lainina  supraneuroporica.-  The  primordium 
is  separated  from  the  epithalamus,  thalamus,  hemisphere  and  the 
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medial  olfactory  nucleus  by  a  sulcus  limitans  hippocampi.  Along 
the  Une  of  this  sulcus  is  a  sudden  change  of  structure  which  may 
be  compared  with  the  zona  limitans  of  fishes  and  amphibians. 

In  vertebrates  above  cyclostomes  the  primordium  hippocampi 
is  gradually  evaginated  into  the  hemisphere,  the  process  being 
complete  in  the  reptiles.  It  is  only  as  the  hippocampus  is  carried 
into  the  medial  border  of  the  hemisphere  that  the  tela  chorioidea 
comes  to  form  the  roof  of  the  interventricular  foramen  and  to 
extend  into  the  roof  of  the  hemisphere. 

The  expansion  of  the  hemisphere  carries  both  the  primordium 
hippocampi  and  the  medial  olfactory  nucleus  rostrad  beyond  the 
lamina  terminalis  where  they  form  the  medial  hemisphere  wall. 
The  sulcus  limitans  hippocampi  which  separates  these  two  nuclei 
in  the  telencephalon  medium  in  petromyzonts  becomes  the  sulcus 
limitans  medialis  hippocampi  in  the  hemisphere  of  selachians, 
amphibians  and  reptiles. 

The  relation  of  the  primordium  hippocampi  to  the  lamina  supra- 
neuroporica  in  which  the  anterior  pallial  commissure  hes  is  funda- 
mental in  vertebrates  and  must  be  taken  into  account  in  seeking 
the  interpretation  of  higher  brains. 

The  reader  is  referred  to  the  extended  discussion  of  forebrain 
morphology  contained  in  the  writer's  paper  on  selachians  ('11  a, 
p.  37,  especially  pp.  47-52),  The  features  of  the  evolution  of  the 
forebrain  upon  which  the  cyclostome  brain  throira  hght  especially 
are  briefly  the  following, 

(a)  The  hypertrophy,  rising  dorsad  and  eversion  of  the  olfacto- 
gustatory  correlation  center.  The  same  thing  occurs  in  the  vis- 
ceral receptive  column  in  the  medulla  oblongata  of  many  fishes 
and  the  nucleus  habenulae  commonly. 

(b)  The  presence  originally  of  the  whole  olfactory  central  appara- 
tus in  the  wall  of  the  medial  ventricle.  Hemispheres  are  formed 
by  the  evagination  first  of  formatio  bulbaris,  then  secondary 
olfactory  centers,  and  last  the  visceral  and  somatic  correlating 
centers  which  furnish  the  materials  for  the  development  of  the 
cortical  structures. 

(e)  From  a  condition  like  that  of  cyclostomes  the  selachian 
telencephalon  has  been  derived  by  the  evagination  chiefly  of  the 
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medial  olfactory  nucleus  and  the  primordium  hippocampi.  In 
(Chimaera) ,  ganoids  and  teleoste  the  evagination  has  been  arrested 
and  the  aversion  of  the  primordium  hippocampi  seen  ineyclostomes 
is  greatly  increased.  The  formatio  bulbaris  actually  bounds  the 
median  ventricle  near  the  foramen  and  the  apparent  folding  out  of 
of  the  striatal  or  somatic  area  in  cyclostomes  is  absent  in  ganoids 
and  teleosts  (see  '11  b). 

(d)  The  primitive  relations  of  the  hippocampal  primordium 
andofits  commissure  in  thelamlnasupraneuroporica  are  splendidly 
clear  and  instructive  in  cyclostomes.  The  selachians  present 
essentially  the  same  relations  in  evaginated  brains.  In  ganoids 
and  teleosts  ('11  b)  the  extreme  eversion  has  abolished  the  primi- 
tive supraneuroporic  commissure,  except  in  a  few  forms.  In  the 
amphibians  the  commissures  are  similar  to  those  of  ganoids.  In 
reptiles  and  mammals  the  cyclostome  and  selachian  condition 
reappears. 

(e)  The  view  of  the  general  morphology  of  the  telencephalon 
previously  expressed  ('10  c,  '11  a,  '11  b)  receives  the  strongest 
support  from  these  most  primitive  brains.  The  functional  columns 
of  the  brain  described  by  the  writer  ( '02  b)  extend  forward  to  the 
telencephalon.  The  ventral  columns  are  represented  only  by  cor- 
relating tissue  adjacent  to  the  terminal  ridge  or  optic  chiasma. 
The  dorsal  columns  constitute  the  overwhelming  part  of  the  telen- 
cephalon, are  greatly  hypertrophied  and  become  flexed  in  conse- 
quence. The  dorsal  and  ventral  columns  meet  in  the  preoptic 
recess  where  the  sulcus  limitans  of  His  ends.  The  telencephalon 
in  petromyzonts  is  not  elongated  parallel  with  the  long  axis  of  the 
fish,  but  owing  to  its  flexure,  is  longer  dorso-ventrally. 

The  olfactory  nerve  and  sac  on  the  one  hand  and  the  formatio 
bulbaris  on  the  other  are  closely  related  to  the  neuroporic  recess 
and  illustrate  clearly  the  principle  ('1 1  a,  p.  39)  that  the  neuroporic 
recess  owes  its  existence  to  the  attachment  of  the  olfactory  nerve 
to  the  dorsal  lip  of  the  neural  tube  at  this  point.  The  evagi- 
nation of  hemispheres  began  here  close  to  the  dorsal  border  at 
some  distance  from  the  anterior  end  of  the  brain  tube.  This 
point  lies  at  about  the  middle  or  height  of  the  forebrain  flexure. 
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Caudal  to  this  middle  point  of  the  forebrain  the  visceral  recep- 
tive column  forms  the  olfacto-gustatory  correlation  center  or 
primordium  hippocampi.  From  the  study  of  other  fishes  ('11  a 
and  '1 1  b)  I  have  shown  reason  to  think  that  the  somatic  correla- 
tion center,  or  primordium  of  the  somatic  cortex  has  been  formed 
by  aversion  and  migration  of  neuroblasts  from  the  dorsal  border  of 
the  telencephalon  in  this  caudal  part. 

The  cephahc  part  of  the  forebrain  comes  to  be  ventrally  placed 
owing  to  the  flexure,  and  is  constituted  chiefly  or  wholly  of  the 
medial  and  lateral  secondary  olfactory  centers  and  preoptic 
nucleus.  The  formatio  bulbaris  arises  from  tissue  nearest  the 
olfactory  nerve  root  at  the  middle  part  of  the  dorsal  columji  and 
in  higher  forms  is  carried  out  upon  a  peduncle.  In  some  petromy- 
zonts  it  actually  retains  its  relation  to  the  median  ventricle. 

An  understanding  of  the  fundamental  morphological  and  func- 
tional relations  in  the  forebrain  must  be  built  upon  the  central 
fact  of  the  forebrain  flexure.  The  conception  of  a  curved  axis  of 
the  telencephalon  ending  at  the  preoptic  recess,  and  of  the  olfac- 
tory nerve  entering  the  dorsal  border  at  the  height  of  the  curve 
must  never  be  lost  sight  of.  These  are  fundamental  facts,  not 
hypotheses,  and  all  forebrain  morphology  becomes  confused  unless 
these  facts  are  held  firmly  in  mind. 

In  forms  above  the  cyclostomes  the  rostrum  elongates,  the  olfac- 
tory sac  shifts  forward,  the  bulbar  formation  follows  it  and  becomes 
pedunculated.  At  the  same  time  the  evagination  of  hemispheres 
progresses  rapidly  and  the  hemispheres  elongate.  Now  the  ceph- 
alic and  caudal  portions  of  the  visceral  receptive  column  are 
sharply  flexed  on  one  another  in  the  form  of  a  letter  U  (figs.  40, 
41).  The  olfactory  tract  enters  the  curve  of  the  U.  The  cephalic 
limb,  containing  the  secondary  olfactory  centers  is  ventrally  placed 
and  ends  at  the  preoptic  recess.  The  caudal  limb  (primordium 
hippocampi)  is  dorsally  placed  and  ends  at  the  eminentia  thalami. 
The  two  limbs  are  separated  by  the  interventricular  foramen  and 
by  the  medial  and  lateral  zona  limitans  as  already  explained. 

Owing  to  the  eversion  and  migration  of  the  neuroblasts  of  the 
somatic  correlating  center  down  upon  the  lateral  surface  of  the 
telencephalon  this  primordium  of  the  general  cortex  comes  to  lie 
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between  the  limbs  of  the  U.  In  this  position  it  enters  into  rela- 
tions with  the  lateral  olfactory  nucleus  which  lead  to  the  formation 
of  the  pyriform  lobe  as  an  olfacto-somatic  correlation  center 
(cortex).  Within  the  somatic  primordium  there  develop  also  com- 
plex correlation  systems  between  the  cutaneous,  museulo-sensory, 
auditory  and  visual  fiber  tracts  which  probably  reach  this  center  at 
an  early  stage  in  the  phylogeny  (see  '10  c,  and  '11  a).  This  com- 
plex correlating  organ  is  the  general  cortex.  As  it  develops  it 
pushes  in  between  the  primordium  hippocampi  and  the  pyriform 
lobe,  assuming  the  characteristic  postion  of  the  general  cortex 
in  mammals.  The  expansion  of  the  general  cortex  pushes  the 
hippocampal  formation  to  the  medio-dorsal  border  of  the  hemis- 
phere and  the  pyriform  lobe  down  to  the  ventral  surface. 
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REFERENCE  LETTERS 


6.O.,  bulbus  olfsctoriuB,  fonnatio  bul- 
baris. 

c.  a.,  BommisBura  anterior 

eh.,  chiasma  opticum. 

e.hipp.,  conunisBura  bippocamp:. 

c.p.,  commisaura  posterior. 

c.p.a.,  commisBura  pallii  anterior, 

c.p.p.,  cominJBGura  pallii  posterior. 

e.sup.,  commisaura  superior  (Osbom). 

dienc.,  diencephaloQ. 

di-ul.,  di-telencephalic  boundary. 

d.p.,  decusBatio  postoptica. 

e.,  epiphysis. 

em.lh.,  eminentia  thalami. 

/.I.,    foramen   interventriculare. 

S'Olf.,  fila  olfactoria. 

S-PiV-i  fibers  from  the  parapineal  body. 

p.,  olfactory  glomeruli. 

hem.,  hemisphere. 

hy.,  hypophysis. 

h,yp.,  hypothalamus. 

I.O.,  lobuB  olfactorius  (secondary  cen- 
ters). 

I.S.,  lamina  Bupraneuroporica. 

l.t.,  lamina  terminalis. 

\.v.,  lateral  ventricle. 

TR.,  caudal  margin  of  lamina  supraneu- 
roporica. 

mesenc.,  mBsencephal<tn. 

n.A,,  nucleus  habenulae. 

n.olf.,  nervuB  olfactorius. 

V.  fr.,  velum 


nuc.olj.med.,  nucleus  olfactorius  medi- 

par.,  paraphysis. 

p.c.h.,  precommissural  body. 
p. A.,  primordium  hippocampi. 
p.p.,  parapineal  body. 
pt.,  pretectal  region. 
TM.ph.,   receasus  praehabenularis. 
r.m.,  receasus  mammillaris. 
neuroporicua. 
praeopticuB. 
postopticuH. 
B.d.,  saccus  dorsalis. 
S.I.,  sulcus  limitana  hippocampi. 
B.I.H.,  sulcus  limitans  of  His. 
s.m.,  stria  medullaris. 
«.  n.  1,  first  bundle  of  stria  medullaris 
i.mtd.,  sulcus  diencephalic uB  medius  of 

i.ky,,  sulcus  hypothalsmicus. 
tvb.hob.,  eubhabenular  region. 
I.e.,  tela  cborioidea. 
lel.m.,  telencephalon  medium. 
{./.,  taenia  fomicis. 
thai.,  thalamus. 
f.p.,  tuberculum  posterius. 
tr.C'k.,  tractuB  cortico-babenularis. 
tr.h-p.,  tractuB  habenulo-peduncularis. 
Ir.o-h.,  tractus  olfacto-habenularis. 
Ir.op.,  tractus  opticus. 
tr.  paJI., tractus  pallii. 
trans  veraum. 


Fig.  1  The  medial  surface  of  the  right  half  of  the  brain  of  Mustelus  to  show 
the  position  of  the  velum  trousversum  in  selachians.  It  is  attached  to  a  slight 
eminentia  thalami  which  is  not  lettered. 

Fig.  2  Medial  view  of  the  right  half  of  the  telencephalon  and  diencephalon  of 
an  adult  Acipenser.  The  olfactory  bulb  is  not  drawn.  The  velum  transversum  is 
a  very  deep  fold  of  the  tela  chorioidea  which  is  nearly  horizontal  in  position.  It 
is  attached  to  the  eminentia  thalami  as  in  selachinas,  amphibians  and  others. 


Digitized  by  Google 


THE  TELENCEPHALON  IN  CYCLOSTOMES 


Nuoleua  habenulae     Tectum  mesencephal 


Keo.  naurop. 

Rec.  pmBop.  ^  Lobus  inferior 

Optic  chiasms 
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Pig.  3  Petromyion  doraatiis,  ammocoetes.  Medial  view  of  a  model  of  the 
left  half  of  the  forebrain. 

Fig.  4  Lateral  view  of  the  model  shown  in  figure  3.  The  hemisphere  ia  divided 
by  a  vertical  sulcus  into  a  roatral  portion  containing  the  bulbar  formation  and  a 
caudal  portion  containing  the  secondary  olfactory  centers.  About  opjjosite  the 
caudal  pole  of  the  hemisphere  appears  a  vertical  sulcus  in  the  wall  of  the  brain 
stem.  This  corresponds  in  position  to  the  di-telencephalio  boundary  line  as  deter- 
mined by  other  data  and  is  to  be  regarded  as  a  di-tel  en  cephalic  sulcus  or  fissure. 
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Fig.  fi     ]jum|K'tra  wilderi.     .XEcdial  view  of  Ihe  right  half  uf  u  iiiudcl  of   thp 
li'lenpephnliin  und  diencephaion.     X  30. 
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Fig.  6  IphUiyomyzoii  contolor.  Modial  view  of  the  right  half  of  a  model  of 
tne  telencephalon  and  dicneephalon.  X  66.  The  slender  groove  rostral  (o  the 
sulcuH  medius  in  apparently  due  to  one  ur  two  sections  being  Iphk  stretched  in  mount- 
ing than  the  ndjaeent  oneH. 
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Fig.  7  Lampetrii.  Dorsnl  view  of  the  model  shown  in  figure  5.  This  is  jire- 
sented  chiefly  to  illustrate  the  si  em-hem  iwphcre  fissure  and  the  wedge-shaped 
telencephalon  medium.  The  attached  border  of  the  tela  chorioidea  is  drawn. 
Its  caudo-lateral  angle  is  the  upper  end  of  the  recessus  praehabenularis.  In 
Petromyzon  dorsatus  the  eminentia  thalami  comes  up  nearly  to  this  point  and  the 
veUim  transvcrsum  Ih  atlached  to  it.  The  broken  lino  running  caudo-laterad 
from  this  point  corrcspondM  (o  the  plane  of  sudden  transition  in  internal  structure 
from  the  prtmordium  hippocampi  to  the  pretectal  and  subhabenular  region. 
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Fig.  8  Potromyzoa  dorsatus,  ammocoeteB.  Model  of  the  dorsal  portion  of  llic 
left  half  of  the  forebrain,  drawn  ag  seen  from  the  medio-ventro-caudal  dirtction. 
The  model  waa  carefully  constructed  on  a  large  scale  in  order  to  determine  whether 
the  velum  transveraum  really  formed  a  continuous  fold  from  the  median  line  to 
the  lateral  attachment  of  the  tela  (J.  e.,  the  taenia).  This  drawing  should  be  com- 
pared with  figures  23  to  27.     d.m.r.,  dorsal  sac. 
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Fig.  9  Ichthyomyzon  conciilor.  A  Iransvor.-M'  spction  lliroiiRli  tlic  titirlriis 
hubcnulae  and  cmincntia  thalami  of  the  right  huIc.  The  Kection  fiiU  ilii^  cnilncii- 
tia  thalami  at  ita  most  prominent  part,  where  it  in  hounded  by  the  hiiIciis  liniitans 
hippocampi  below  and  the  sulcUHMubhabenuliiris  above,  assepnin  figure  li. 

Fig.  10  Pelromyson  dorsatus.  adult.  Transverue  section  throiiRh  the  inler- 
ventricul.ir  foRtmcn.  The  primordium  hippoeampi  in  not  so  large  o"  in  I.ain|)elra. 
.\t  the  lip  of  Ih<!  fonunen  it  is  continuous  with  the  wall  of  the  heiniHphere. 

F'ig.   II     Same  series  aa  figure  10.  acetlon  through  the  emincntia  thiilanii. 

Fig.  I'i  I'jntoaphenua,  ammorcctes  of  35  mm.  Transverse  scelion  Ihriitigh 
rostral  part  of  foramen  intcrvcntricularc.  Tlic  aecliiin  ia  quite  oblique  so  that 
on  the  right  side  it  passes  conaidcrably  rostral  to  the  foramen.  The  (irimordium 
hippoeampi  isamall  but  occupies  the  Bame  poHition  as  in  other  forma.  Theiscetion 
falls  at  the  junction  of  the  parapineal  body  and  Ihc  left  nucleus  habenulae. 

Fig.  13  Some  aeries  as  figure  12.  section  through  the  emincntia  ihalanii  and 
the  habenular  nuclei.  Note, the  great  aize  of  the  right  nucleus  habenulae.  On 
the  right  side  the  primordium  hippocampi  is  rut. 
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Figs.  14-22  Lampetra.  Nine  sections  of  the  babenular  and  hippocampal 
region  drawn  from  a  series  of  horizontal  sections  prepared  by  the  Golgi  method. 
The  figures  were  drawn  at  a  magnification  of  200  diameters  and  are  reduced  to  one- 
third.     Figure  22  is  at  a  somewhat  lower  magnificBtion. 

Fig.  14  The  first  section  through  the  dorsal  part  of  the  left  priinorditun  hippo- 
campi. The  section  shows  the  epiphysis  and  its  stalk.  The  four  fibers  in  the  left 
nucleus  habenulae  come  from  the  parapineal  body.  The  bundle  s.m.!  is  the  first 
part  of  the  stria  medulloris  of  which  it  is  uncertain  whether  it  isa  traetusolfacto- 
habeoularis  or  tractus  cortico-habenularis. 

Fig.  15  The  second  section  of  the  same  series.  The  first  bundle  of  the  stria 
medullaris  is  passing  through  the  left  nucleus  habenulae. 
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Fig.  16  The  third  section  of  the  same  series.  Note  the  extreme  difference 
in  size  between  the  two  nuclei  habeoulae  and  the  passage  of  the  first  stria  medul- 
laris  libers  as  a  compact  bundle  over  to  the  right  nucleus.  The  prehabenular 
recess  is  narrow  in  Lampctra  and  the  eminentia  thalami  does  not  appear  as  a  dis- 
tinct ridge  in  these  dorsal  sections.  This  is  due  to  the  large  size  of  the  primordium 
hippocampi  in  Lampetra  as  well  as  to  the  crowding  together  on  account  of  the 
pressure  of  the  buccal  funnel.  A  section  through  the  brain  of  Ichthyomyzon  or 
I'etromyzon  dorsatuB  at  this  same  level  would  show  a  distinct  eminentia  thalami. 
t Compare  figures  6  and  I*. 
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Fig.  17  The  fourth  aettion  of  the  same  sohph.  Note  the  several  div 
the  cnmniisBuru  superior  (0«born).  The  next  three  fiRures  show  that  the  great 
majority  of  the  left  stria  mcJiilItiris  <lecuB§ateH  and  that  a  large  number  of  fibers 
pass  throu)!h  the  nurlei  habcnttlae  to  the  oppomic  primordium  hippocampi. 
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Pig.  IS  The  fifth  section  of  the  same  series.  The  right  primordium  hippocampi 
shows  the  first  stria  medullaris  bundle.  On  the  left  the  tractus  olfacto-habenu- 
lariw  comes  up  through  the  tower  part  of  the  primordium  hippocampi  and  the 
eminentia  thalami. 
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Fig.  19  The  sixth  section  of  the  same  series.  On  both  sides  the  fibers  of  the 
tractus  olfacto-habenularis  lateralis  and  posterior  appear  as  definite  bundles  which 
in  the  next  sectiona  clearly  lie  In  the  eminentia  thalami. 
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Fig.  -21.)  Tlic  Mi'vputli  piocliim  of  tlic  siiriic  sorios.  In  the  roHtrai  part  of  llip 
righl  primordiuin  hippociimpi  is  sci-n  it  cell  whom"  iixnnc  is  (iiri-cleii  toward  t.lip 
iiucleua  hiibcTiuliip.  Note  the  shiirptii'ss  iif  the  siruptiirai  hoiituiary  between  the 
priinorclium  hippocampi  uiiil  the  prHeetal  region. 
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Fig.  21  The  ninth  sectioa  of  the  same  series.  Note  the  diiTerence  between 
the  cells  in  the  primordium  hippocampi  and  those  in  the  subhabenular  region. 
The  tractus  olfacto-habenularis  occupies  a  position  in  the  eminentia  thalami 
which  is  quite  typical  for  vertebrates  generally.  The  great  number  of  longitudi- 
nal fibers  in  the  primordium  hippocampi  are  only  indicated  by  a  tew  lines. 
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Fig.  22  The  thirteenth  eection  of  the  eame  Beriee  drawn  at  a.  lower  magnifica- 
tioD.  The  section  passes  through  the  anterior  palliol  commissure  and  above  the 
interventricular  foramen.  The  heavy  broken  line  shows  the  outline  of  the  next 
section  ventrad,  in  which  the  sulcus  limitans  hippocampi  passeB  forward  to  enter 
the  foramen.  Note  that  the  primordium  hippocampi  is  followed  catidally  by  the 
eminentia  thalami  and  this  by  the  ridge  containing  the  tractus  habenulo-peduncu- 
laris.  The  sulcus  medius  separates  these  two  ridges.  The  anterior  pallial  com- 
n  this  section  has  only  Abers  connecting  the  hemispheres. 
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Figs.  23-27  Animoecoetes  of  PetrotnyEOU  dorsatus.  Five  sections  from  the 
sagittal  aeries  from  which  the  model  shown  in  fig.  S  was  reconstructed.  The 
outlines  were  made  with  the  aid  of  the  Edinger  drawing  apparatus.  The  velum 
transversum  is  seen  as  a  distinct  fold  of  the  tela  in  figures  23  to  26,  but  in  figure 
27  it  joins  the  eminentia  thalami.  Figures  26  and  26  show  well  the  course  of  the 
tract  which  runs  up  from  the  medial  olfactory  nucleus  in  front  of  the  foramen 
interventriculare.  This  bundle  may  contain  a  tractus  olfacto-corticalis  and  pos- 
sibly also  the  fornix  column.  The  fibers  of  the  commissural  bundles  beginiiing 
with  the  moat  rostral  successively  turn  up  into  the  primordium  tiippocanipi  (fig. 
24).  The  fibers  which  go  laterally  into  the  hemispheres  are  not  readily  seen  in 
these  sagittal  sections  because  they  are  cut  across.  These  sections  show  conclu- 
sively that  the  commissure  is  largely  related  to  the  primordiuiQ  hippocampi. 
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Fig-  28  A  dit^am  to  show  the  disposition  of  the  velum  transversum.  The 
outline  is  taken  from  figure  7,  showing  the  dorsal  aspect  of  the  model  of  the  Lam- 
petra  brain.  The  tela  chorioidea  is  drawn  as  it  would  appear  if  the  epiphyeb  and 
parapineal  body  were  removed.  The  velum  tranevereum  is  drawn  as  a  fold  of  the 
tela. 

Fig.  29  Professor  Hemck's  figure  73  reprinted  for  comparison  with  figures  6 
and  9  of  this  paper.  The  figure  is  "a  diagram  reconstruct«d  from  actual  sections 
of  the  cycloatome  brain,  Icbthyomyion  concolor." 


Digitized  by  Google 


THE  TELENCEPHALON  IN  CYCLOSTOUES 


Fig.  30  Lampetra.  Tranaverse  section  through  the  caudal  third  of  the  left 
primordiuni  hippocampi.  Golgi  method.  Most  of  the  dendrites  are  longer  than 
they  appear  in  this  figure.  The  distal  ends  of  the  dendrites  extend  nearly  to  the 
outer  surface  but  are  too  intricately  interlaced  to  be  followed. 
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Fig.  31  Lampetra.  Transverse  section  through  the  primordium  hippocampi 
just  caudal  to  the  interventricular  foramen  and  the  anterior  pallial  conuniSBure. 
The  cells  in  the  rostral  end  of  the  primordium  are  of  the  same  type  aa  in  the  caudal 
part  (fig.  30). 
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Fig.  32  Acipenaer  rubicunduB.  Five  cells  of  the  primordium  hippocampi  for 
compareion  with  those  of  Lampetra.  Note  that  the  evereion  of  the  forebrain  in 
this  ganoid  of  30  cm.  is  about  the  same  as  in  the  adult  Lampetra. 
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Fig.  33  Amia  colva,  about  15  ntm.  A  parasagittal  section  near  the  lateral 
border  of  the  forebrain,  showing  three  cells  of  the  primordium  hippocampi  and  a 
few  fibers  of  the  tractus  pallii.    Golgi  method. 
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Fig.  34  R&na.  TTonsverse  eection  of  the  doreo-medial  Angle  of  the  right 
hemisphere  showing  the  characteristic  cells  of  the  primordium  hippocampi.  Golgi 
method. 
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Pig.  36  Scheme  of  fiber  tracts  related  to  the  primordium  hippocampi  in  petro- 
mytonts.  The  secondary  olfactory  neurones  located  in  the  caudal  part  of  the 
hemiephere  are  represented  by  broken  lines. 
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Fig.  30  Cryptobranchua  alleghenieneis.  TranaverBe  section  through  the  tel- 
encephalon behind  the  cerebral  commJBSureB.  The  remnant  of  the  primordium 
hippocampi  in  the  telencephalon  medium  appears  on  the  left  side  to  the  right  of 
the  letters  p. A. 

Fig.  37  Necturue.  Sketch  of  the  right  half  of  the  forebrain  as  Been  from  the 
medial  surface.  This  figure  is  introduced  merely  to  show  the  general  relatione  of 
the  medial  sona  limitans  which  extends  rostrally  from  the  interventricular  foramen 
and  separates  the  medial  olfactory  nucleus  and  primordium  hippocampi.  Its 
formation  haa  been  brought  about  by  the  evagination  of  the  region  which  in  the 
brain  of  cyclostomes  Ues  rostral  to  the  foramen.    Compare  figure  5. 
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FigB.  38  and  39  Two  drawings  of  a  clay  model  made  to  represent  a  simplified 
aelachiao  forebrain.  From  Johnston  '11  a.  Figure  38  showB  the  medial  surface, 
figure  39  the  rostral  surface.  The  broken  line  on  these  surfaces  represents  the 
medial  zona  limitans  hippocampi.  It  extends  from  the  neuroporic  recess  through 
the  interventricular  foramen  along  the  medial  wall  of  the  hemisphere.  Compare 
the  figures  of  sections  in  the  paper  referred  to.  This  Eona  limitans  is  homologous 
with  the  line  of  separation  of  the  primordium  hippocampi  and  medial  olfactory 
nucleus  rostral  to  the  foramen  in  cyclostomes.  See  figures  3,  6  and  6.  In  figure 
38,  i.M.  marks  the  continuity  of  the  sulcus  limitana  hippocampi  with  the  sulcus 
hypothalamic  us,  very  much  as  in  Lampetra  and  Ichthyomyzon.  Compare  figure 
41. 
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Pig.  40  DiagraiD  of  the  relatione  of  functional  columns  drawn  on  the  outline 
of  the  [jampetra  brain.  The  visceral  receptive  column  is  shaded  by  oblique  linea, 
the  somatic  receptive  column  by  vertical  lines.  The  primordium  hippocampi 
is  cross-hatched  with  oblique  lines  and  it  is  evident  that  it  is  the  caudal  portion 
of  the  column  devoted  to  olfactory  and  gustatory  functions.  The  lower  border 
of  the  croBB-hatcbed  area  in  the  figure  is  the  sulcus  limitans  hippocampi,  both  roe- 
tral  and  caudal  to  the  interventricular  foramen. 
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Fig,  41  Diagram  similar  to  that  of  figure  40,  drawn  on  the  outline  of  the  brain 
of  Squalus  acanthiaa.  Drawn  from  the  bisected  brain.  Owing  to  the  somatic 
receptive  area  being  situated  oa  the  lateral  surface  of  the  telencephalon,  its  pro- 
jection on  this  figure  overlaps  the  olfactory  area.  The  medial  sulcus  limitana 
hippocampi  is  marked  by  a  wavy  line  along  the  lower  border  of  the  primordium. 
This  figure  illustrates  the  U-ahaped  flexure  of  the  visceral  receptive  column,  the 
attachment  of  the  olfactory  peduncle  at  the  base  of  the  U,  and  the  position  of  the 
somatic  receptive  area  between  the  two  limbs  of  the  U.  The  axis  of  the  brain 
ends  in  the  recesaus  praeopticus  and  the  great  forebrain  flexure  involves  only  the 
doraal  columns. 
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THE   ANATOMY   OF   THE   HEART   OF   THE   INDIAN 

ELEPHANT 

.       ROBERT  RETZEH 
From  tht  ImtiiuU  of  Anatomy,  Vnivertily  of  Minnetota 

The  specimen  upon  which  the  following  description  Is  based  was 
obtained  from  a  small  female  elephant  that  died  in  this  city  dm^ 
ing  a  spell  of  hot  weather.  The  lack  of  facilities  for  dissecting 
so  huge  an  animal  and  the  obligatory  haste  made  it  impossible 
to  study  any  topographical  relations  and  was  the  cause  of  the 
destruction  of  many  parts  that  may  prove  of  interest.  After  the 
heart  was  removed  it  was  placed  into  formalin  and  it  remained 
there  for  eight  months.  When  it  was  taken  therefrom  it  was 
found  impossible  to  estimate  the  extent  of  the  pericardium,  and 
the  number  of  veins  that  led  to  the  atria.  It  had  been  cut  off 
too  short  to  determine  these  points,  but  in  other  respects  the  speci- 
men is  in  excellent  condition  and  justifies  a  detailed  description. 

The  literature  is  very  inadequate  and  conttuns  many  erroneous 
and  conflicting  statements.  With  the  exception  of  the  three 
most  recent  articles,  Vulpian  et  Philipeaux  {'56),  Watson  ('71), 
Miall  and  Greenwood  (78),  we  find  that  the  bibliography  has 
mainly  an  historical  interest.  Unfortunately  not  all  the  treatises 
were  accessible,  but  no  effort  was  spared  to  trace  all  previous 
descriptions  to  their  source.  The  literature  will  be  discussed  in 
the  course  of  this  article, 

The  general  shape  of  the  heart  is  Uke  a  broad  short  cone  some- 
what flattened  in  antero-posterior  diameter.'  The  diaphrag- 
matic face  has  the  shape  of  an  equilateral  triangle.  The  auricles 
(auricular  appendages)  are  very  small  compared  with  the  size  of 
the  heart.  This  may  be  due  to  a  greater  degree  of  contraction 
of  the  auricles. 

'  In  describing  the  isolated  heart  I  follow  the  rule  adopted  by  most  authors, 
namely,  to  imagine  it  with  its  base  upwards  and  the  interventricular  septum  in  a 
sagittal  plane. 
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A  thick  epicardium  covers  the  whole  heart  hiding  the  coronary 
vesseb  and  the  external  divisions  of  right  and  left  ventricles, 
except  near  the  apex  where  the  surface  is  deeply  indented.  Wat- 
son corroborates  the  statement  of  Aelian  (1765),  Stukeley  (1722) 
and  Mayer  ('47  )'  that  the  apex  is  distinctly  bifid,  but  according 
to  our  specimen  it  would  be  an  exaggeration  to  agree  with  these 
authors.  The  apex  is  formed  by  the  left  ventricle  alone.  A  marked 
oedema  around  the  coronary  sulcus  obhterates  it  in  places.  It 
is  probably  this  ciuious  oedema  which  Vulpian  and  Philipeaux 
mistake  for  fat,  an  error  which  I  would  have  made  had  it  not  been 
for  the  incisions  made  through  it.  Miall  and  Greenwood  say  that 
the  heart  they  dissected  was  perfectly  destitute  of  fat,  and  that 
the  findings  of  Vulpian  and  Philipeaux  js  the  only  instance  in 
which  any  considerable  quantity  of  this  substance  has  been  met 
with  in  any  part  of  the  elephant.  The  following  measuremente, 
taken  after  fixation  in  formalin,  may  prove  of  interest. 

The  weight  of  entire  heart,  10.5  kilogram. 

The  greatest  width  (at  a  level  where  the  coronary  sulcus  crosses 
the  septum  on  the  posterior  surface),  30  cm. 

The  greatest  length,  including  aortic  arch,  50  cm. 

The  length  of  ventricles  from  coronary  sulcus  to  apex  on  the 
posterior  surface,  25  cm. 

The  length  of  ventricles  from  coronary  sulcus  to  apex  on  the 
anterior -surface,  32  cm. 

The  antero-posterior  diameter,  24  cm. 

These  measurements  bear  out  the  statement  made  by  previous 
authors,  Meckel  (31),  Owen  ('68),  that  the  heart  is  broader  than  it 
is  long,  for  if  we  omit  the  aortic  arch  the  length  would  be  about 
28  cm.  as  compared  with  30  cm.,  the  width. 

In  order  not  to  destroy  the  heart  as  a  museum  specimen  and 
to  allow  of  further  investigation,  it  was  cut  open  in  the  manner 

'  After  looking  up  the  original  article  of  Mayer  I  toiind  that  Watson  had  mis- 
quoted him.  His  description,  with  which  mine  agrees,  is  as  follows:  "An  dem 
Apex  Cordis  siod  beide  Ventrikel  aeusserlich  durch  eine  tiefc  Crena  geschieden, 
BO  dass  der  Veatriculus  sinister  die  Spitze  dea  HeraeoB  allein  bildet.  Ob  ea  von 
dieser  Theilung  aahe  der  Spitze  des  Herzens  berruehrt,  dass  roan  vod  Aelian  bis 
auf  Conrad  Gessner  dem  Elephanten  Zwei  Uerzen  zuschrieb  will  ich  dahin  gesteilt 
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usually  pursued  by  pathologists.  The  left  aide  was  opened  by 
joining  an  incision  through  the  aorta  and  the  anterior  wall  of  the 
ventricle  to  one  through  a  right  pulmonary  vein  and  the  posterior 
wall  of  the  ventricle  at  the  apex.  The  right  side  was  opened  by 
a  similar  triangular  incision  through  the  pulmonary  orifice  and 
inferior  vena  cava.  In  the  specimen  at  hand  the  cavity  of  the 
right  ventricle  and  conus  arteriosus  seems  about  twice  as  lai^e 
as  that  of  the  left  vefttricle.  This  is  probably  due  to  the  greater 
degree  of  contraction  of  the  walls  of  the  latter,  and  must  be  taken 
into  consideration  when  comparing  the  following  measurements: 

The  average  thickness  of  the  wall  of  the  left  ventricle  is  5  cm. 
while  the  thickness  of  the  right  ventricle  near  the  apex  is  1.5  cm. 
increasing  toward  the  pulmonary  orifice  to  2.3  cm.  The  inter- 
ventricular septum  measures  7  cm.  in  thickness. 

The  endocardium  is  grajdsh  in  color  and  smooth.  In  places  it 
measures  over  0.6  mm.  in  thickness  and  can  easily  be  stripped  off  in 
two  layers.  Beneath  it,  the  museulatiu:^  of  the  ventricles  shows  a 
marked  cross-striations  of  its  fibers.  Upon  histological  examina- 
tion, however,  it  was  found  that  these  cross-striations  have  noth- 
ing to  do  with  the  usual  cross-striations  of  cardiac  muscle,  but  are 
merely  folds  caused  probably  by  the  great  degree  of  shrink^e  of 
the  endocardium  in  the  fixing  fluid.  There  does  not  seem  to  be 
any  marked  difference  between  the  cardiac  muscle  fibrils  of  the 
elephant  and  those  of  other  mammals  in  respect  to  their  structure 
or  their  size.  No  Purkinje  fibers  are  visible  to  the  naked  eye  in 
either  ventricle  and  no  histological  examination  was  made  for 
them.*  Their  invisibility  may  be  due  to  three  causes,  viz.,  the 
thickness  of  the  endocardium  which  hides  the  musculatiu:^  in 
general,  a  deeper  position  of  the  Purkinje  fibers  and  the  action 
of  the  fixatives  which  destroys  the  difference  in  gross  appearance 
between  Purkinje  fibers  and  heart  muscle.  Small  bloodvessels 
in  the  endocardium  were  conspicuous. 

The  inner  surface  of  the  heart  offers  no  marked  peculiarities 
with  the  exception  of  the  presence  of  numerous  foramina  vena- 
rum  minimarum  (Thebesii)  throughout  both  atria  and  ventricles. 

>  Since  writing  this  article  a  description  of  the  Purkinje  fibers  in  the  elephant's 
heart  by  Maauilow  ('11)  has  appeared. 
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Ever  since  the  time  of  Hatler  (1757),  who  denied  their  presence, 
there  has  been  a  discussion  as  to  whether  these  foramina  are  the 
openings  of  actual  veins  or  merely  depressions  of  the  endoeardiimi. 
Practically  all  the  modem  text-books  take  the  non-committal 
attitude  that  some  are  and  others  are  not  openings  of  real  veins. 
The  author  has  frequently  attempted  by  uijection  through  the 
coronary  arteries  in  the  pig's  heart  to  obtain  an  injection  of  these 
venae  minimae  of  the  ventricles  but  without  Success.  To  attempt 
injection  methods  in  a  heart  that  has  been  thoroughly  fixed  as  is 
the  case  with  this  heart  of  the  elephant,  would  be  perfectly  futile. 
A  positive  result  may  indicate  a  rupture  of  a  bloodvessel  for  it 
takes  upwards  of  300  mm.  mercury  pressure  and  a  negative  result 
may  mean  an  occlusion  by  a  blood-clot.  However,  owing  to  the 
fact  that  the  orifice  of  some  of  these  veins  measures  3  mm.  in 
diameter  it  was  easy  to  determine  by  dissection  that  one  was  not 
dealing  with  ordinary  depressions  of  the  endocardiiun.  They 
gave  every  appearance  of  being  veins,  but  if  we  consider  the  devel- 
opment of  the  heart  we  must  be  very  careful  in  making  the  state- 
ment that  they  actually  are  veins.  The  ventricular  walls  of  the 
embryo  consist  of  a  sponge  like  network  and  into  the  trabeculae 
of  this  network  the  coronary  capillaries  extend.  In  places  there 
is  but  a  unicellular  layer  which  separates  the  ventricular  cavity 
from  the  coronary  system.  If  there  were  actual  intercommuni- 
cation between  the  two  we  would  be  dealing  with  a  sinusoid  and 
the  presence  of  venae  minimae  in  the  adult  heart  would  indicate 
a  persistence  of  this  sinusoid.  It  is  easy  to  conceive,  however, 
of  some  of  these  trabeculae  being  pushed  together  by  the  growth 
of  the  ventricular  cavity  and  not  losing  their  endothehal  covering 
in  the  course  of  development.  These  could,  in  the  adult  heart, 
easily  simulate  veins  and  their  true  nature  can  be  determined  only 
by  injection  of  a  fresh  heart.  In  Bell's  Anatomy  (1812)  we  find 
the  following  statement,  "Du  Vemey  was"  so  far  engaged  in  this 
question  (the  presence  of  venae  minimae),  that  having  an  oppoi^ 
tunity  of  dissecting  the  heart  of  an  elephant  he  tied  up  the  coro- 
nary arteries  and  veins,  washed  and  cleaned  very  thoroughly  the 
cavities  of  the  heart;  and  then  tried,  by  squeezing,  and  all  kinds 
of  methods,  to  make  that  blood  which  was  tied  up  in  the  coronary 
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arteries  and  veins  exude  upon  the  inner  surface  of  the  heart,  but 
with  no  effect."  In  a  previous  paragraph  they  condemn  the 
crude  methods  used  by  Vieusaens,  Thebesius  and  others  who  be- 
lieve these  openings  to  be  openings  of  true  veins. 

The  introduction  of  a  needle  in  various  parts  of  the  septa  atri- 
orum  and  ventriculorum  failed  to  reveal  the  presence  of  an  os 
cordis,  a  fact  which  is  surprising  because  its  presence  has  always 
been  associated  with  all  lai^  hearts,  and  a  number  of  recent  text- 
books state  that  it  is  present  in  the  elephant's  heart.  This  ques- 
tion has  been  the  subject  of  a  great  deal  of  discussion  ever  since 
the'time  of  Galen.  Galen  states  that  he  foxmd  a  bone  in  the 
heart  of  an  elephant  and  kept  it  in  his  possession  for  a  number  of 
years.  Moulin  (1682),  Blair  (1708),  and  Perrault  (1734)  did  not 
6nd  it,  attributii^  it  to  the  youth  of  the  animal  they  had  under 
observation.  Camper  (1802),  however,  argued  that  in  young 
animals  one  would  at  least  find  cartilage,  as  he  did  in  a  c^f  six 
weeks  old,  which  he  had  dissected  for  the  purpose  of  settling  this 
question.  In  the  elephant's  heart  he  found  neither  bone  nor 
cartilage.  This  seems  to  be  the  case  in  our  specimen.  It  may 
well  be  that  Galen  had  before  him  a  sclerosis  of  a  coronary  artery. 
Mayer  ('47)  finds  a  "  Knorpelstreif  von  10  Linien  am  Ostium 
arteriosum  des  linken  Ventrikels."  The  position  he  gives  is  too 
vague  to  comment  upon.  The  size  of  the  heart  has  evidently 
nothing  to  do  with  the  presence  or  absence  of  an  os  cordis.  My 
histological  examinations  have  never  failed  to  reveal  bone  tissjie 
in  the  human  and  the  dog's  heart,  and  fibro-cartilage  in  smaller 
animals  such  as  the  rabbit  and  guinea  pig.  The  lack  of  a  bone 
in  the  heart  of  the  elephant  is  due  to  poor  development  of  the 
trigona  fibrosa.  Some  of  our  leading  text-books  on  hxmian 
anatomy  fail  to  recognize  these  trigones  although  they  never 
fail  to  mention  so  unimportant  a  structure  as  the  tuberculem 
venosxun  (Loweri)  which  is  absent  in  the  human  heart.  The 
trigona  fibrosa  (B,N.A.)  are  two  masses  of  connective  tissue 
which  Ue  between  the  aorta  and  the  orifice  of  the  mitral  valve. 
The  left  is  near  the  periphery  of  the  heart  and  the  right  in  the 
triangle  bounded  by  the  aorta  anteriorly  and  the  mitral  and 
tricuspid  ring  on  the  left  and  right  side  respectively.     It  is  the 
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right  trigODum  which  is  the  primary  seat  of  the  os  cordis.  A 
second  os  may  develop  in  the  left  trigonum  and  may  fuse  with 
the  right  bone.  In  the  elephant  there  is  a  shght  shifting  of  posi- 
tion, due  probably  to  the  greater  development  of  the  conus  ar- 
teriosus, so  that  the  mitral  ring  does  not  lie  on  the  same  plane 
as  the  aorta  but  lower  down  and  the  right  ring  Ues  higher  up. 
Posterior  to  the  root  of  the  aorta  we  have  atrial  musculatiu-e. 
This  torsion  was  recognized  by  Miall  and  Greenwood  who  make 
the  following  statement: 

The  right  side  of  the  heart  is,  so  to  speak,  rotated  upon  the  centre 
of  the  left;  the  right  auricle  being  thrown  to  the  dorsal  surface  of  the 
heart,  while  the  principal  axis  of  the  right  side,  passing  directly  through 
the  auriculo- ventricular  orifice,  is  inclined  upwards,  instead  of  lying 
nearly  horizontal,  as  does  that  of  the  left  side  in  the  animal  as  it  stands. 
The  inferior  face  (anterior  of  man)  gives  no  indication  of  this  tilting  of 
the  right  side,  except  that  the  right  auricle  is  displaced;  the  two  ven- 
tricles meet  aloi^  a  straight  line  and  divide  the  lower  surface  nearly 
equally. 

The  cavity  of  the  left  ventricle  is  distinctly  conical  in  shape  but 
the  lower  two-thirds  is  very  irregular  owing  to  the  large  trabecu- 
lae  and  columnae  cameae  which  are  arranged  mostly  longitudi- 
nally to  the  axis  of  the  heart.  The  upper  third  of  the  septal  wall 
is  comparatively  smooth.  There  are  two  large  papillary  muscles 
controlling  the  mitral  valve,  the  anterior  measuring  5  cm.  in  diam- 
ejer  at  its  base  and  the  posterior  2  cm.  There  are  three  distinct 
sets  of  cords  or  tendons  attached  to  the  mitral  valvesuch  as  Kiirsch- 
ner  {'44)  has  described  for  the  human  heart.  The  first  set  is  fixed 
to  the  attached  margin  of  the  valve,  the  second  to  the  middle,  and 
the  third  to  the  free  marginal  edge. 

The  right  ventricle  is  divided  into  two  parts  by  the  crista  and 
trabecula  supra ventricularis.'  The  upper  or  anterior  part,  the 
conus  arteriosus,  ought  rightly  to  be  designated  as  the  fifth 

•  In  J.  H.  H.  Bull.,  vol.  20,  p.  172,  1009,  I  auggested  the  name  trabecula  Buprs- 
Tentricularia  to  that  portion  of  the  crista  which  stretchea  across  the  cavity  of  the 
ventricle  and  corresponds  to  tbemoderator  band  of  English  authors  and  the  bande- 
lette  anaiform  of  Poirier.  The  term  moderator  band  was  also  used  for  all  strands 
which  stretched  across  the  cavity  of  either  ventricle,  although  in  its  restrirted 
sense  it  applied  only  to  the  band  which  is  constant  in  the  sheep  and  pig. 
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.  chamber  of  the  heart.  A  comparative  study  of  the  mammalian 
heart  soon  reveals  the  necessity  of  dropping  the  old  division  of 
the  heart  into  four  chambers,  which  may  have  had  its  didactic 
advantages,  and  of  adding  the  coniis  as  a  fifth  chamber.  Both 
in  its  anatomy  and  physiology  is  the  conus  arteriosus  some- 
what distinct  from  the  right  ventricle  and  much  confusion  would 
be  avoided  by  using  the  term  right  ventricle  in  its  restricted 
sense.  The  right  ventricle  of  the-  elephant  has  a  rather  small 
cavity,  which  at  the  lower  third  of  the  septum  and  the  entire  outer 
wall  is  traversed  by  large  trabeculae  and  columnae  cameae. 
There  are  three  papillary  muscles,  but  their  pecuUar  arrange- 
ment can  be  understood  only  after  a  study  of  the  conus  has 
been  made. 

The  conus  arteriosus  of  the  elephant  seems  to  have  the  greatest 
capacity  of  any  chamber  of  the  heart,  and  differs  from  that  of  other 
hearts  in  that  it  has  a  large  septal  wall .  We  usually  find  the  conus 
consisting  of  a  very  narrow  septal  and  a  very  extensive  free  wall 
which  give  it  its  typical  external  shape  from  which  its  name  is 
derived.  In  the  elephant  the  increase  of  the  septal  wall  is  at 
the  expense  of  the  right  ventricle  whose  septal  area  is  correspond- 
ingly reduced.  It  is  this  difference  of  growth  that  has  brought 
about  the  obliteration  of  the  undefended  space  and  the  trigona 
fibrosa  as  before  mentioned. 

To  understand  the  peculiarity  of  the  position  of  the  papillary 
muscles  in  the  right  ventricle  of  the  elephant's  heart  it  will  be 
necessary  to  call  attention  to  the  condition  usually  found  in  other 
hearts.  Detailed  description  will  be  found  in  papers  by  King 
('37)  and  by  Retzer  ('09).  The  number  of  papillary  muscles 
may  vary  from  one  to  six  and  is  inversely  proportional  to  the  size 
of  the  papillary  muscles.  The  larger  the  anterior  papillary  mus- 
cles the  fewer  the  number.  King  divided  the  mammahan  hearts 
into  four  series  according  to  the  presence  or  absence  of  a  modera- 
tor band.  These  series  are  typically  represented  by  I,  Rodent, 
Canine  and  Marsupial  animals;  II,  Feline;  III,  Quadrumana 
and  Human;  IV,  Ungulates.  The  trabeculae  supraventricularis 
(moderator  band)  which  always  contains  the  right  branch  of  the 
conductive-system   (Reizleitungs  system  of  Tawara)   is  foimd 
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constantly  in  series  IV  where  the  anterior  or  hirge  papillary  muscle, 
that  controls  the  greater  part  of  the  free  cusps  is  situated  on  the 
free  wall.  In  Quadrumana  and  Human  this  papillary  muscle 
is  situated  about  midway  between  the  septal  and  free  wall,  its 
base  resting  upon  a  complex  network  of  trabeculae.  In  series 
II  the  tendency  is  for  this  papillary  muscle  to  arise  from  the  septal 
wall,  a  condition  which  is  almost  invariable  in  series  I.  The 
number  of  papillary  muscles  seem  to  increase  from  series  IV  to 
series  I.  In  all  of  these  series  the  septal  cusp  is  controlled  either 
by  numerous  small  papillary  muscles  and  tendons  arising  from  the 
septal  wall  itself  or  by  a  somewhat  larger  one  situated  near  the 
posterior  edge  of  the  sept^ml.  The  anterior  papillary  muscle  is 
always  the  largest  and  is  the  most  important  for  the  control  of  the 
free  cusps. 

In  the  elephant  we  find  the  anterior  papillary  muscle  control- 
ling the  septal  leaflet  while  the  two  others  control  the  free  cusps. 
Their  position  is  correspondingly  ou  the  septal  and  free  walls. 
Such  a  condition  is  unknown  to  me  nor  does  King  mention  it  in 
his  study  of  300  hearts.  The  base  of  the  anterior  papillary  muscle 
is  situated  on  the  septal  wall  immediately  posterior  to  the  crista 
supraventricularis  and  its  apex  points  in  the  direction  of  the  coro- 
nary sinus.  It  controls  the  entire  septal  cusp  with  the  exception 
of  its  most  anterior  edge  which  is  held  by  tendons  that  arise  out 
of  the  septum.  These  tendons  are  constant  structures  in  all 
mammaUan  hearts,  and  form  one  of  the  landmarks  of  division 
between  ventricle  and  conus.  In  a  few  instances  the  author  has 
found  these  tendons  arising  from  a  small  papillary  muscle  whose 
fibers  coiild  be  traced  to  a  region  near  the  pulmonary  orifice. 
The  muscle  is  of  consid^able  size  though  not  as  large  as  the  two 
others.  Its  position  may  be  accounted  for  in  the  following  man- 
ner. Usually  the  mesial  cusp  of  the  tricuspid  has  a  broad  base 
of  attachment,  many  small  tendons  arising  from  the  septum 
attaching  to  it  throughout  its  width.  The  cusp  in  these  instances 
cannot  extend  far  into  the  cavity  at  the  time  of  systole  and  the 
two  other  cusps  are  brought  during  contraction  close  enough  to 
prevent  regurgitation.  In  the  elephant  the  size  of  the  tricuspid 
orifice  necessitates  lai^er  cusps  {they  measure  6.5  cm.  in  width) 
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and  complete  action  of  them  all.  We  find  correspondingly  a  sep- 
tal cusp  of  a  very  narrow  margin  of  attachment.  The  ventricle 
is  however  so  short  that  it  would  be  impossible  for  it  to  accom- 
modate a  papillary  muscle  long  enough  to  control  the  mesial  cusp, 
unless  this  muscles  should  act  at  an  angle  and  thus  reduce  the 
necessary  degree  of  contraction.  Furthermore  a  large  papillary 
muscle  on  the  septiun  below  the  tricuspid  orifice  would  be  quite 
an  obstacle  and  occlude  a  great  part  of  the  cavity.  We  find  there- 
fore the  papillary  muscle  situated  almost  in  the  conus  flattened 
agains  the  septal  wall.  This  papillary  muscle  must  therefore  be 
considered  as  tiie  homol<^  of  the  posterior  papillary  muscle  in 
other  animals,  the  change  of  its  position  being  due  to  the  imusual 
development  of  the  conus  and  a  corresponding  decrease  of  the 
right  ventricle.  The  other  papillary  muscles  of  equal  size  and 
slightly  larger  than  the  first  one  mentioned  are  situated  on  the 
free  wall.  The  more  anterior  rests  in  part  on  the  crista  supra- 
ventrieularis.  They  control  the  two  free  cusps.  According  to 
Miall  and  Greenwood  the  tricuspid  may  have  one  or  two  small 
additional  cusps.  In  our  specimen  there  is  but  one  additional, 
between  the  anterior  and  septal  cusp. 

The  aorta  and  puhnonary  arteries  do  not  present  any  marked 
peculiarities  except  the  lack  of  a  nodulus  valvulae  semilunaris 
(Arantii)  in  the  cusps  of  pulmonary.  The  base  of  the  valve  is  not 
attached  to  the  wall  of  the  vessel  but  to  the  circular  muscle  which 
surrounds  both  the  pulmonary  and  aortic  orifice.  We  find  this 
condition  in  all  hearts  to  a  greater  or  less  degree  and  is  a  fact  not 
generally  recognized.  These  circular  muscles  are  the  sphincters 
of  the  aorta  and  pulmonary  artery  and  aid  in  the  closure  of  the 
valves.  The  following  measurements  were  taken:  The  diameter 
of  the  aorta  9.0  mm.,  thickness  of  wall  1.5;  the  diameter  of  the 
p.  a.  6,5  mm.,  thickness  of  wall  1.0;  the  diameter  of  the  cor.  art. 
1,0  mm.,  thickness  of  wall  0.2.  At  the  sinus  of  Valsava  the  thick- 
ness of  the  walls  of  both  aorta  and  pulmonary  artery  is  reduced 
by  one-half.  There  are  two  coronary  arteries,  not  one,  as  has 
been  repeatedly  quoted  from  Camper,  and  they  are  situated  at 
the  upper  edge  of  the  sinus  of  Valsalva.  The  vessels  are  joined 
together  by  loose  areolar  tissue  and  can  easily  be  separated  to  their 
origin. 
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The  atria  are  very  small  but  this  may  be  attributed  to  shrinkage. 
The  walls  are  thin  but  in  the  auricles  they  are  strengthened  by 
many  pectinate  muscles.  As  stated  above  the  veins  were  cut  so 
near  the  heart  that  it  is  impossible  to  analyze  the  conditions  thor- 
oughly. 

The  following  quotation  is  taken  from  Miall  and  Greenwood : 

Left  Auricle — The  entry  of  the  pulmonary  veins  seems  to  vary.  Vul- 
pian  and  Phihpeaux  found  two  openings  into  the  auricle — a  small  inter- 
nal and  a  large  external,  which  latter  received  three  of  the  pulmonary 
veins.  Dr.  Watson  describes  four  separate  openings.  In  our  dissec- 
tion there  was  a  large  central  orifice  and  a  smaller  one  on«aeh  side — one 
internal  and  the  other  external;  but  the  external  vein  was  not  altogether 
clear  of  the  central  one.  A  thin  ridge  upon  the  internal  surface  of  the 
auricle  separates  the  central  from  the  internal  orifice.  The  veins  enter 
a  thin  and  membranous  sinus,  which  is  slightly  separated  from  the  rest 
of  the  auricle  by  a  prominent  fleshy  ridge.  Part  of  the  edge  of  this 
ridge  forma  the  'valvular  structure'  noted  by  Dr,  Watson. 

Very  distinct  in  the  left  atrium  is  the  semilunar  fold  which 
stands  out  like  a  crescentic  valve.  In  its  broadest  portion  it 
measures  1.5  cm.  from  the  edge  to  its  attachment.  The  fovea 
ovalJs  lies  3  cm.  posterior  to  it,  and  is  thin  enough  to  be  trans- 
lucent. 

The  right  atrium  presents  conditions  that  are  very  interesting 
from  the  view  point  of  development.  There  are  three  vessels 
that  empty  into  the  right  side  of  the  heart,  the  inferior  vena  cava 
and  the  right  and  left  superior  venae  cavae.  The  coronary  veins 
empty  into  the  left  superior  vena  cava,  where  it  is  generally  spoken 
of  as  the  coronary  sinus.  The  positions  of  entry  of  these  vessels 
do  not  differ  markedly  from  other  hearts,  except  that  there  seems 
to  be  a  narrower  interatrial  septum  in  the  elephant  so  that  the 
opening  of  the  right  superior  vena  cava  lies  nearer  to  the  inferior 
than  is  usually  the  case. 

The  tuberculum  intervenosum  (Loweri)  was  looked  for  but, 
as  usual,  in  vain.  I  have,  so  far,  carefully  examined  the  hearts  of 
man,  dog,  cat,  rabbit,  guinea  pig,  bear,  sheep,  rat,  and  opossum, 
which  is  a  sufficiently  representative  group  to  say  with  absolute 
assurance  that  there  is  no  such  thing  as  a  tuberculum  interveno- 
sum.    By  a  tuberculum  we  mean  a  tuberlike  or  knoblike  pro- 
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jection.  It  is  in  this  sense  that  I  deny  its  presence,  and  it  was, 
therefore,  a  great  satisfaction  to  find  the  following  quotation  from 
Haller,  "Id  tuberculum  cupide  receptum  est,  ut  fere  fit,  ab  iis 
scriptoribus  quibus  occasio  ad  propria  experimenta  nulla  est, 
deinde  etiam  ab  iis  qui  tandem  omnino  in  corporibus  humanis 
dissecandis  se  exercuenmt."  It  would  be  too  much  of  a  digres- 
sion at  this  point  to  go  into  the  details  of  development  but  suffice 
it  to  say  that  the  tuberculum  intervenosum  never  does  exist 
at  any  stage  of  development,  and  Pohlman  ('09)  has  shown  that 
there  is  no  physiological  necessity  for  it.  In  the  developing  heart 
it  can  be  clearly  seen  that  the  tuberculum  intervenosum  is  noth- 
ing but  a  ridge  which  is  the  continuation  of  the  limbus  fossae 
ovalis,  and  it  depends  upon  the  size  and  position  of  the  limbus 
whether  or  not  there  is  any  'crista'  intervenosum  on  the  upper 
outer  wall.  In  the  elephant's  heart  the  superior  vena  cava  is 
separated  from  the  inferior  by  the  limbus  fossae  ovalis,  which  lies 
immediately  posterior  to  it  and  sUghtly  bulges  the  septal  wall 
inward,  i.e.,  into  the  cavity  of  the  right  atrium,  and  by  the  fossa 
ovaUs  itself.  The  posterior  margin  of  the  fossa  ovalis  lies  really 
within  the  inferior  vena  cava. 

It  is  unfortunate  that  the  specimen  is  so  imperfect  that  the 
extent  of  the  valves  cannot  be  definitely  determined.  Miall 
and  Greenwood  make  the  following  statement: 

A  sigmoid  valve  passes  from  the  external  side  of  the  right  anterior 
cava,  adjacent  to  the  appendix,  curves  round  the  ventral  wide  of  the 
orifice,  and  is  then  continued  as  a  long  membranous  ridge  of  slight  pro- 
jection to  the  basal  or  anterior  side  of  the  posterior  cava;  it  then  crosses 
that  opening  on  its  ventral  margin,  becoming  somewhat  more  promi- 
nent, and  serving  as  a  proper  vaive  to  the  posterior  cava;  finally,  it  grad- 
ually disappears  along  the  base  of  attachment  of  the  Eustachian  valve. 
This  agrees  tolerably  well  n-ith  the  description  of  Vulpian  and  Phil- 
ipeaux;  and  with  Dr.  Watson's  figure,  though  in  the  text  of  his  descrip- 
tion he  says  that  the  valve  passed  round  the  upper  margin  of  the  right 
anterior  cava.  A  large  Eustachian  valve  separates  the  posterior  from 
the  left  anterior  cava.  The  great  coronary  vein  opens  into  the  left 
anterior  cava  under  cover  of  a  pectinated  muscle. 

What  remains  of  my  specimen  bears  out  the  description  as  re- 
gards the  position  of  the  valve  of  the  superior  vena  cava  and 
it  seems  likely  that  it  is  continuous  with  the  valve  of  the  inferior 
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vena  cava,  but  the  statement  that  "it  gradually  disappears  along 
the  base  of  attachment  of  the  Eustachian  valve"  demands  some 
explanation. 

This  entire  valve  and  fold  is  the  persistent  right  venous  valve 
which  in  the  yoxmg  foetus  stretches  as  a  crescentic  fold  from  the 
right  side  of  the  superior  vena  cava  along  the  upper  wall  of  the 
atrium,  thence  along  the  right  side  of  the  opening  of  the  inferior 
vena  cava  to  disappear  in  the  septiun  intermedium  of  His.  As  the 
coronary  sinus  develops  the  lower  end  of  this  valve  forms  the  valve 
of  the  coronary  sinus  (Thebesii).  The  persistent  part  of  the 
valve  near  the  orifice  of  the  inferior  vena  cava  becomes  the 
Eustachian  valve.  Owen  states  "The  right  aiuicle  in  the  Rhi- 
noceros, as  in  most  Ungulates,  has  but  one  precaval  orifice,  and 
shows  no  valve  at  the  termination  of  either  the  postcaval  or  coro- 
nary veins;  the  contrast  presented  by  tiie  elephant,  in  this  respect, 
is  significant."  Unfortunately  Owen  fails  to  define  the  contrast 
and  one  can  but  assume  that  the  elephant  has  two  precaval  ori- 
fices and  valves  guarding  all  the  openings.  Cuvier  ('39)  says 
(Meckel's  translation)  p.  41  "Beim  Elephanten  is  diese  (Eusta- 
chische)  Elappe  spiral  formig  gewunden  und  geht  langs  der  oberen 
Wand  in  das  hintere  und  linke  Ende,einer  anderen  breitenund 
halbraondformigen  Klappe  Uber,  welche  die  Oeffnung  der  vor- 
deren  rechten  Hohlvene  von  der  H6hle  des  ohrformigen  Anhanges 
Bcheidet."  Wolff,  according  to  Meckel  in  Cuvier's  Vorlesungen, 
IV,  p.  36,  and  Meckel  himself  have  found  instances  where  in 
absence  of  a  Thebesian  valve  the  Eustachian  extended  so  far 
down  so  as  to  cover  the  opening  of  the  coronary  vein.  From  this 
it  is  evident  that  these  older  authors  called  the  Eustachian  valve 
a  different  structure  than  is  understood  by  that  name  today. 
Search  through  the  Uterature  revealed  the  fact  that  the  Eusta- 
chian valve  was  formerly  called  valvula  forminis  ovalis  anterior 
(Bock,  ('50),  Soemmering  ('41).  That  the  Thebesian  valve  is  but 
a  continuation  of  the  lower  end  of  the  Eustachian  is  a  discovery 
that  we  owe  to  His  and  Bom. 

What  then  did  Miall  and  Greenwood  mean  by  "A  large  Eusta- 
chian valve  separates  the  posterior  from  the  left  anterior  cava?" 
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The  valve  they  have  reference  to  is  a  very  prominent  structure  in 
our  specimen.  It  is  a  fleshy  valve,  with  a  straight  edge,  about  4 
cm.  in  length  and  separates  the  opening  of  the  inferior  posterior 
vena  cava  from  the  left  anterior  just  as  is  stated  by  these  authors. 
It  can  readily  be  seen  that  this  is  the  homolog  of  the  fold  that  is 
found  in  all  the  animals  that  have  a  persistent  left  superior  vena 
cava.  Marshall  {'50)  was  the  first  to  call  attention  to  the  fact 
that  the  Thebesian  valve  is  always  absent  in  the  hearts  of  those 
animals  which  have  a  persistent  left  superior  vena  cava  or  left 
azygos  emptying  into  the  heart.  Watson  thinks  that  the  fold 
that  he  found  in  the  elephants  heart  is  a  Thebesian  valve  and  con- 
cludes therefore  that  it  forms  a  marked  deviation  from  the  rule 
as  formulated  by  Marshall.  Bom  {'89)  describes  this  fold  in  the 
rabbit  embryo  and  calls  attention  to  the  fact  that  it  is  not  to 
be  considered  a  Thebesian  valve.  A  study  of  the  developing 
heart  of  the  pig  reveals  the  fact  that  the  lower  end  of  the  right 
venous  valve  aborts  while  in  the  human  it  grows  over  this  same 
fold  which  is  so  prominent  in  the  elephant,  pig,  sheep,  rabbit  and 
other  animals.  It  is  really  not  a  valve  but  a  fold  that  has  grown 
in  between  the  sinus  (left  superiorvena  cava)  and  the  inferior  vena 
cava.  This  fold  has  not  been  recognized  by  previous  authors 
and  will  be  discussed  at  length  in  another  article. 

Although  the  terminology  differs  we  find  most  authors  agree- 
ing that  the  valve  of  the  posterior  vena  cava  is  continuous  with 
that  of  the  anterior.  These  valves  are  the  remains  of  the  right 
venous  valve  of  the  embryo.  It  is  interesting  to  note  in  this  con- 
nection that  the  crista  terminalis  from  which  the  pectinate  mus- 
cles take  their  origin  is  present  in  the  elephant  but  about  2  cm. 
to  the  right  and  below  the  valve  guarding  the  right  superior  vena 
cava.  It  needs  a  further  study  to  determine  whether  the  crista 
terminalis  really  is  the  boundary  between  the  primitive  sinus  and 
the  right  atrium.  This  idea  has  its  foundation  upon  the  theory 
that  the  right  venous  valve  terminates  on  the  crista  terminalis, 
a  theory  which  is  not  substantiated  by  the  condition  in  the  ele- 
phant'sheart  just  described  nor  by  any  stageof  developmentof  the 
embryo  pig's  heart. 


Digitized  by  Google 


88  ROBERT   RETZER 

The  coronary  veins,  two  in  number,  empty  into  the  left  superior 
vena  cava,  their  openings  protected  by  valves.  The  pectinate 
muscle  that  Miall  and  Greenwood  mentioned  is  also  present. 

The  conductive  system  is  visible  in  the  right  ventricle  as  a 
light  colored  strand  about  3  mm.  in  diameter  and  lying  along  the 
uppier  border  of  the  crista  and  trabecula  supraventricularis.  Its 
course  is  superficial  in  the  ventricle  but  at  the  atrio-ventricular 
junction  and  in  the  atrium  itself  it  lies  embedded  in  musculature. 
Here  also  it  has  a  different  appearance  and  character.  While  in 
the  ventricle  it  is  a  glistening  white  strand  when  dissected  out 
and  elastic,  in  the  atrium  it  is  dark  red,  tough  and  irregular  in 
outline.  This  is  evidently  the  nodal  point  {Knoten  of  Tawara). 
It  measures  about  1.5  cm.  in  diameter  and  0.5  cm.  in  thickness 
and  lies  2  cm.  below  the  edge  of  the  sinus  fold  and  4  cm,  from  the 
junction  of  mesial  and  anterior  leaflet  of  the  tricuspid.  The  left 
branch  seemed  at  first  to  be  wanting  but  after  painstaking  search 
its  presence  was  estabUshed.  As  previously  stated  there  are 
no  Purkinje  fibers  visible  in  the  ventricle  and  the  inverted  V- 
shaped  strand  of  the  left  branch  of  the  conductive  system  that 
is  so  constant  in  all  other  mammals  as  far  as  we  know,  is  not  visi- 
ble nor  did  dissection  reveal  it.  The  left  branch  leaves  the  nodal 
point  to  the  left  of  the  right  branch  deeply  embedded  in  the  myo- 
cardium and  soon  after  seems  to  divide  into  two  branches  whose 
course  in  the  ventricle  could  not  be  established  without  destruc- 
tion of  the  specimen.  At  the  level  of  the  aortic  cusp  it  was  deeply 
embedded  in  the  ventricular  musculature. 
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I.  INTRODUCTION 

The  development  of  the  elasniobranch  liver  offers  many 
problems  of  interest  not  only  for  themselves,  but  because  of  their 
bearing  upon  questions  regarding  the  structure  of  this  organ 
in  the  vertebrates  in  general.  The  hepatic  duct  system  shows 
here  in  its  earlier  stages  a  number  of  characters  which  are  masked 
in  forms  which  are  more  complicated  or  which  undergo  a  more 
rapid  development  and  in  later  stages  the  organ  exhibits  a  num- 
ber of  peculiarities  of  interest  in  the  light  of  recent  work  on  the 
relation  of  parenchymous  to  vascular  structures. 
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The  present  paper,  based  upon  a  study  of  an  extensive  series  of 
embryos  of  Squalus  acanthias'  gives  an  account  of  the  early 
development  of  the  hver  and  the  history  of  the  principal  liver 
ducts  and  the  gall  bladder.  In  a  later  section  it  is  hoped  to 
give  an  account  of  the  development  of  the  smaller  rami  of  these 
ducts  and  of  the  hepatic  parenchyma. 

II.  LITERATURE 

At  this  point  I  shall  review  only  briefly  the  literatiu^  of  the 
general  development  of  the  elasmobranch  liver.  Particular 
points  are  considered  in  more  detail  in  the  separate  sections  and 
reviews  of  the  literature  by  Brachet  ('97),  Choronschitzky  COO), 
Piper  ('02),  and  Weber  ('03)  already  cover  a  part  of  the  subject. 

In  common  with  so  many  points  in  selachian  embryology 
there  was  but  little  knowledge  of  the  development  of  the  liver 
until  the  researches  of  Francis  Balfour.  Rathke  {'27)  published 
an  account  of  several  selachian  embryos  including  one  of  Squalus 
mustelus  (Mustelus  canis?)  of  an  approximate  length  of  45mm., 
in  which  he  described  the  division  of  the  liver  into  an  anterior 
mass  and  two  posterior  lobes  and  traced  the  course  of  the  ductus  ■ 
choledochus  to  the  intestine.  He  stated  that  the  gall  bladder 
was  absent  in  this  specimen  as  well  as  in  an  older  one  of  Squalus 
canicula  (Scyllium  canicula?).  At  such  a  stage  this  structure  is, 
in  fact,  embedded  in  the  liver  substance  and  not  visible  exter- 
nally. Rathke  observed  the  gall  bladder  however  in  an  embryo  of 
Squalus  mustelus  7  inches  2  lines  in  length,  and  traced  the  course 
of  the  vitelline  veins  to  the  liver  and  followed  their  ramifications 
in  this  organ  to  their  final  connections  with  the  sinus  venosus. 

Franz  Leydig  ('52)  in  his  "Beitrage  zur  microskopischen 
Anatomic  und  Entwicklungsgeschichte  der    Rochen  und  Hai" 

<  This  material  conBiHted  of  sectioned  embryos  of  Squalus  acanthias  from  3  lo 
SO  mm.  in  length  as  well  as  several  specimens  of  the  same  speciea  in  the'pup' 
stage,  and  a  few  large  embryos  of  Mustelus  laevis  and  Squalus  sucklii  (?).  In  a 
large  part  these  specimens  were  from  the  Harvard  Embryological  Collection, 
and  I  wish  to  e^cpress  here  my  thanks  to  Dr.  Charles  S.  Mi&ot  for  their  use  for  a 
prolonged  period,  as  well  as  for  the  privileges  of  his  laboratory  during  a  part  of 
the  time  while  this  study  was  in  progress.  Four  specimens  were  also  from  the 
embryological  collection  of  the  University  of  Kansas.  For  their  use  I  am  indebted 
to  Dr.  C.  E.  McClung. 
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figured  a  cleared  embryo  of  Squalus  acanthias  approximately 
18  mm.  in  length  in  which  the  liver  is  pictured  as  a  dark  insular 
mass  lying  just  posterior  to  the  heart.  He  described  the  Cells  of 
this  organ  as  arranged  in  lobules  and  containing  numerous  fat 
droplets  embedded  in  a  homogeneous  ground  substance.  He 
also  traced  the  course  of  the  omphalo-mesenteric  veins  through 
the  liver. 

Balfour  ('76)  working  with  ScyUium,  Pristiurus  and  Torpedo, 
described  the  liver  as  arisii^  in  Stage  I,  when  forty-eight  pairs 
of  somites  and  three  pairs  of  gill  pouches  are  present,  as  a  ventral 
outgrowth  from  the  'duodenum'  directly  anterior  to  the  umbilical 
canal.  This  outpouching  gives  off  at  once  two  lateral  diverticula 
which  are  the  rudimentary  lobes  of  the  liver,  while  the  remainder 
of  the  original  ventral  median  pouch  forms  the  gall  bladder  and 
ductus  choledochus.  The  hepatic  tubule  diverticula  appear 
as  hollow  buds  by  stage  K,  and  increasing  rapidly  both  in  length 
and  number  soon  anastomose  formii^  a  regular  network.  In 
the  course  of  these  changes  the  lumina  of  the  tubules  become 
much  reduced  in  size.  The  gall  bladder  arises  as  dilatation  of  the 
anterior  end  of  the  median  pouch  and  its  duct  joining  with  the 
hepatic  ducts  forms  the  ductus  choledochus. 

Hammar  ('93)  figured  and  described  the  first  series  of  recon- 
structions of  the  selachian  liver.  These  are  of  embryos  of  Tor- 
pedo ocellata,  the  first  of  forty  segments,  and  the  remainder, 
9,  11,  15  and  18  mm.  long  respectively.'  These  specimens  corre- 
spond roughly  to  Balfour's  stages  J,  K,  L,  M,  and  O.  From  the 
study  of  these  models  Hammar  concludes  that  the  liver  arises 
primarily  from  three  diverticula,  two  lateral  and  one  median  in 
position,  and  not  from  a  single  median  and  ventral  pouch  as  stated 
by  Balfour.  He  also  considered  the  liver  proper  to  arise  from  the 
lateral  diverticula,  the  median  giving  rise  to  the  gall  bladder  and 
its  duct  only.  He  noted  further  that  there  was  a  twisting  of  the 
fore  gut  from  left  to  right,  a  point  apparently  overlooked  by  other 
observers.  The  account  of  the  formation  of  the  common  bile 
duct  and  gall  bladder  is  fairly  complete,  but  he  traced  the  hepatic 
ducts  no  farther  than  their  entrance  into  the  lateral  masses  of 
hepatic  trabeculae. 
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In  a  later  paper  of  a  more  general  nature  on  the  early  develop- 
ments of  the  liver,  Hammar  ('97)  expresses  his  views  in  r^;ard 
to  the 'origin  of  the  selachian  liver  as  follows: 

Bei  den  Selachierrx  \vird  ebenfalls  eine  unter  dem  Herzen  hervorra- 
gende  stufenahnliche  Leberfalte  gebildet,  an  deren  cranialen  Rand  schon 
frUhzeitig  ztoe?'  biUUeralsymmetrische  Divertikel  auftreten — Zwischen 
diesea  beiden  Divertikeln  und  beioabe  gleichzeitig  mit  ihnen  entsteht 
als  eine  eraniovcntrale  Veriangening  der  Leberfalte  noch  ein  drittes 
medianes  Divertikel,  aus  welcheo  die  Gallenblase  und  Gallenblasengang 
hervorgehn.* 

I  quote  Hammar  at  lei^h  for  he  holds  a  view  somewhat  differ- 
ent from  that  accepted  by  most  investigators  and  one  which  this 
■  paper  will  in  part  confirm. 

Laguesse  ('94)  gave  a  brief  account  of  the  development  of  the 
liver  in  Squalus  acanthias  in  connection  with  his  study  of  the 
pancreas  in  this  form.  He  states  that  the  liver  arises  a  Uttle 
later  than  the  pancreas,  a  point  which  has  since  been  disproven, 
and  although  in  possession  of  younger  embryos,  he  apparently 
first  observed  the  organ  in  an  embryo  8  mm.  in  lei^h,  where  it 
appeared  as  a  thick  walled  ventral  pouch  extending  from  the 
primitive  sinus  venosus  to  the  anterior  wall  of  the  yolk-stalk. 
An  embryo  of  9  mm.  lei^h  showed  the  formation  of  the  lateral 
diverticula.  At  16  mm.  the  buds  of  the  hepatic  tubules  had 
appeared  and  at  19  mm.  they  were  fused  together,  forming  the 
typical  nptr-work  of  hepatic  trabeculae  so  often  described.  La- 
guesse emphasizes  the  late  appearance  of  the  gaU  bladder  as  a 
structure  distinctly  separated  from  the  hepatic  anlage  proper. 
This  seems  to  me  to  be  a  point  of  much  importance  which 
apparently  has  not  been  recognized  by  other  workers  in  this  field, 
with  the  exception  perhaps  of  Hammar. 

Brachet  ('96)  devoted  the  first  part  of  his  contribution  to  the 
development  of  the  hver  and  pancreas  to  the  selachian  liver  as 
represented  by  Torpedo  ocellata.  Like  Hammar  he  presented  a 
series  of  reconstructions  corresponding  to  Balfour's  stages  J,  K 
and  L.  The  two  main  points  in  this  paper  consist  of,  first,  an 
afiirmation  of  Balfour's  statement  that  the  liver  arises  between 
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the  anterior  intestinal  portal  and  the  sinus  venosus  as  a  sizzle 
median  ventral  pouch  from  which  the  lateral  pouches  secondarily 
arise,  and  second,  the  recognition  of  the  fact  that  the  medita 
pouch  which  can  be  distinguished  when  the  liver  reaches  the  rin- 
lohed  stage  consists  of  two  portions,  named  in  accordance  with 
the  nomenclature  suggested  by  Goeppert  ('93)  the  'pars  hepatica' 
which  Ues  anteriorly  and  joins  with  the  two  lateral  pouches  in 
forming  the  true  hepatic  parenchyma,  and  a  posterior  portion 
called  the  'pars  cystica'  which  forms  the  gall  bladder  and  the 
cystic  and  common  bile  ducts.  Brachet  followed  the  history  of 
the  latter  structures  in  detail,  but  gives  little  information  as 
to  the  history  of  the  hepatic  ducts,  although  he  recognized  that 
they  were  formed  from  the  bodies  of  the  lateral  pouches  and  con- 
sidered that  these  pouches  were  reduced  in  caliber  in  the  course  of 
their  transformations.  In  the  Ergebnisse  for  the  same  year 
Brachet  ('97)  repeats  his  conclusions  and  summarizes  the  preced- 
ing literature  since  the  time  of  Balfour. 

Ruckert's  work  ('96)  on  the  development  of  the  spiral  valve  in 
Pristiurus  is  illustrated  by  three  reconstructions,  two  of  which 
include  the  gall  bladder  and  ductus  choledochus  and  illustrate 
well  the  forward  migration  of  the  former  structure.  Riickert 
describes  the  migration  of  the  ostium  of  the  ductus  choledochus 
in  relation  to  the  vitelline  duct  and  its  movement  from  left  to 
right  along  with  the  spiral  valve  in  later  stages. 

Mayr  ('97)  in  his  account  of  the  development  of  the  pancreas 
in  Pristiturus  and  Torpedo  incidentally  describes  the  condition 
of  the  liver  in  several  embryos.  His  description  coincides  with 
that  of  Balfour  and  Brachet,  but  he  emphasizes  the  fact  that  in 
early  stages  the  pars  hepatica  is  single  anteriorly  and  that  the 
two  lateral  pouches  diverge  from  the  median  line  as  they  extend 
backward. 

Choronschitzky  ('00)  published  a  paper  of  some  magnitude, 
describing  the  development  of  the  liver  and  certain  other  viscera 
in  all  classes  of  vertebrates.  Torpedo  was  employed  as  a  repre- 
sentative of  the  fishes.  He  gave  an  account  of  four  stages  of  this 
form,  the  youngest  being  one  in  which  the  liver  consisted  of  a 
median  and  two  lateral  pouches  from  which  four  'secondary' 
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pouches  sprang  and  the  oldest  one  in  which  the  liver  had  reached 
a  length  of  1.1  mm.  as  measured  from  transverse  sections  and  was 
a  solid  parenchymous  organ.  He  traced  the  separation  of  the 
liver  from  the  gut  and  the  formation  of  the  gall  bladder  in  some 
detail  and  followed  out  in  a  general  way  the  development  of  the 
two  larger  hepatic  ducts.  On  the  whole  his  description  ia  a 
confirmation  of  that  of  Brachet.  The  reconstruction  method 
was  apparently  not  employed. 

The  work  of  Debeyre  ('09)  is  primarily  a  study  of  the  origin  of 
the  hepatic  cylinders.  However,  working  on  Laguesse's  Acan- 
thias  material,  he  confirms  that  author's  account  of  the  early 
stages  of  the  liver,  including  the  location  of  the  gall-bladder  anlage 
in  the  extreme  posterior  end  of  the  hepatic  diverticulum. 

The  papers  of  Braus  ('96),  Hohn  ('97),. and  Minot  ('00)  deal 
mainly  with  the  histogenesis  and  vascularization  of  the  Uver,  but 
contain  incidental  references  to  its  early  development.  Braus 
and  Minot  accept  Balfour's  account  as  essentially  correct. 

III.  DEVELOPMENT    OF   THE    LIVER    IN    EMBRYOS   FROM    3    TO 
10  MM.  IN  LENGTH 

In  Acanthias  the  first  evidences  of  liver  development  are  to  be 
seen  in  embryos  of  19  to  21  s^ments.  At  this  stage,  which  is  a 
little  younger  than  No.  16  of  the  Normal  plate  series  and  lies 
between  Balfour's  stages  G  and  H,  the  embryo  shows  a  distinct 
head  bend  and  the  medullary  canal  is  closed  except  for  the  lai^ 
neuropore.  The  archenteron  which  is  still  in  quite  a  primitive 
condition  is  outlined  in  figure  1,  a  graphic  reconstruction  from 
transverse  sections.  The  fore  gut  is  separated  from  the  entoderm 
of  the  blastodisc  and  is  approximately  one-sixth  the  length  of  the 
body.  The  lateral  walls  of  the  mid  and  hind  gut  are  still  sepa- 
rated at  their  bases  almost  throughout  by  a  considerable  ventral 
cleft,  and  meet  only  a  few  sections  anterior  to  the  tail  to  form  the 
lower  and  hinder  walls  of  the  neurenteric  canal.  The  first  gill 
pouch  is  a  shallow  depression,  present  on  one  side  only.  The 
second  gill  pouch  is  indicated  by  a  very  slight  depression  in  the 
dorsal  part  of  the  lateral  wall  of  the  pharynx  immediately  pos- 
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tenor  to  the  first  pouch.    Its  ventral  portion  is  not  as  yet 
evaginated. 

As  the  fore  gut  approaches  its  connection  with  the  blasto- 
dermic entoderm  it  is  at  first  broadly  ovoid  in  cross  section  with 
the  narrower  end  of  the  oval  upward  and  its  vertical  diameter 
increases  posteriorly.  Back  of  the  fore  gut  the  archenteron  is 
flattened  transversely  tmtil  it  is  little  more  than  a  high,  narrow 
fold  of  entoderm,  the  transverse  diameter  of  which  is  less  than 
one-fourth  of  the  vertical  diameter. '  The  lateral  walls  of  the  gut 
for  a  short  distance  behind  and  also  a  httle  in  front  of  the  point 
of  union  of  the  fore  gut  and  the  mid  gut  are  differentiated  into 
dorsal  and  ventral  zones.    The  epithehum  of  the  dorsal  .zone  is 


Fig.  1  Lateral  view  of  the  archenteron  of  an  embryo  of  19  to  20  segments,  4.0  mm. 
in  length  (B.E.C.  930).  X  20.  E.g.,  fore  gut;  O.p.,  gill  pouches;  Hev-a.,  hepatic 
area. 

from  25  to  30 ;« in  thickness  and  contains  two  or  more  rows  of 
more  or  less  interlocking  oval  nuclei.  This  is  the  primitive  con- 
dition found  throughout  the  walls  of  the  archenteron,  both  dor- 
sally  and  ventrally  in  earlier  stages.  Close  to  the  lower  border 
of  the  dorsal  zone  there  is  on  either  side  a  shallow  and  not  always 
continuous  longitudinal  groove  which  later  becomes  a  definite 
and  important  landmark.  For  these  I  suggest  the  name  para- 
archenteric  groove.  The  ventral  zone  in  this  region,  as  is  seen 
from  following  its  later  history,  represents  the  liver  anlage.  Here 
the  epitheliimi  is  approximately  half  as  thick  as  that  of  the  dorsal 
zone,  and  the  nuclei,  which  form  a  sii^e  row  only,  lie  in  the  basal 
portion  of  the  epithehimi.  Ordinary  stains  do  not  bring  out  definite 
cell  walls  in  either  the  dorsal  or  ventral  zones  at  this  stage.    There 
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are  no  definite  boundaries,  except  the  dorsal  one  to  the  hepatic 
aie&  at  this  time.  The  arrai^ment  of  nuclei  just  described 
extends  ventrally  nearly  to  the  point  where  the  lateral  walls  of 
the  archenteron  turn  laterad  as  a  part  of  the  blastoderm.  Longi- 
tudinally the  hepatic  region  extends  forward  a  httle  past  the 
posterior  end  of  the  fore  gut  to  become  indistinguishable  in  the 
general  ventral  enlai^ement  of  the  pharynx  already  referred  to. 
Its  characteristics  are  less  noticeable  as  we  follow  the  gut  poste- 
riorly and  100  /»  behind  the  point  of  union  of  fore  and  mid  gut  the 
hepatic  area  is  indistinguishable  from  the  other  entoderm.  There 
is  but  a  slight  indication  of  evagination  of  the  liver  area.  Al- 
though the  lumen  between  the  walb  of  the  ventral  zone  is  nearly 
twice  as  wide  as  that  above,  this  width  is  due  mainly  to  the 
decrease  in  the  thickness  of  the  walls  themselves,  the  entire  trans- 
verse diameter  of  the  gut  being  a  little  greater  dorsally  than 
ventrally. 

A  slightly  older  embryo  having  24  trunk  segments  and  3.6  mm. 
in  length,  which  is  a  little  more  advanced  than  the  Normal  plate 
No.  20  (Scammon  '11),  gives  a  clearer  picture  of  the  liver  anlage. 
The  pharynx,  from  which  two  well  formed  gill  pouches  pro- 
■  ject  and  fuse  with  the  skin  ectoderm,  is  followed  by  a  short  seg- 
ment of  gut  which  represents  both  the  oesophagus  and  the  ante- 
rior part  of  the  stomach.  This  segment  is  etongately  oval  in  cross 
section  with  very  much  thickened  lateral  walls.  It  is  somewhat 
produced  ventrally  as  it  approaches  the  anterior  wall  of  the  yolk- 
stalk,  and  in  this  ventral  region  shows  lateral  expansion.  The 
archenteron  extends  forward  forming  a  large  anterior  recess  above 
the  yolk  in  front  of  the  anterior  wall  of  the  yolk-stalk.  Immedi- 
ately behind  the  point  of  union  of  the  fore  gut  with  the  yolk- 
stalk  the  archenteron  has  the  same  form  as  in  the  younger 
embryo,  being  greatly  elevated  and  flattened  transversely.  The 
distinction  between  dorsal  and  ventral  zones  is  fairly  marked, 
and  the  para-arcbenteric  grooves  can  be  traced  along  the  gut 
above  the  hepatic  region,  although  in  places  they  are  very  faint 
and  shallow.  The  ventral  zone  in  this  region  is  now  distinctly 
curved  outward,  forming  a  pair  of  shallow,  lateral  diverticula 
which  extend  approximately  100 |U  posterior  to  the-anterior  vitello- 


□  igitized  by  Google 


DEVELOPMENT  OF  THE  ELASMDBRANCH  LIVER      341 

intestinal  junction.  The  walls  of  these  lateral  diverticula  are 
of  the  same  thickness  as  those  of  the  dorsal  zone,  i.e.,  25  to  30  m. 
but  the  nuclei  are  somewhat  more  elongated  and  lie  at  the  basal 
ends  of  the  cells,  leaving  a  clear  zone  towards  the  lumen  of  the 
gut.     The  boundaries  of  the  cells  are  faintly  distinguishable. 


Ep.d. 


Fig.  2  Tranflveree  section  of  an  embryo  of  19  to  20  aegmentB,  3.0  mm.  in  length 
(K.U.E.C.  451).  O.Oe  mm.  posterior  to  the  anterior  wall  of  the  yolk  stalk.  X  100. 
Hep.d.,  hepatic  diverticulum;  P-arch.g.,  para-archenteric  groove. 

Fig.  3  Tranverae  section  of  an  embryo  of  twenty-four  segments,  3.6  mm.  in 
length  (S.C.  14).  0.09  mm.  posterior  to  the  anterior  wall  of  the  yolk  stalk.  X  100. 
Hep.d.,  hepatic  diverticulum;  P'Orch.g.,  para-arch  enteric  groove. 

Above  and  below  the  diverticula  the  nuclei  are  broadly  oval  and 
scattered  through  the  thickness  of  the  epithelium,  and  there  are 
no  distinct  cell  outlines  to  be  seen  with  ordinary  stains.  Figure 
3  is  a  transverse  section  of  this  embryo  90  |U  behind  the  anterior 
wall  of  the  yolk-stalk. 
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A  distinct  step  in  devetopment  is  shown  by  an  embryo  5 
mm.  in  lei^th  (K.U.E.C.  449").  This  embryo  has  s^ments  and 
three  gill  pouches,  none  of  which  open  to  the  exterior.  The  gut 
is  still  connected  with  the  yolk  entoderm  by  a  yolk-stalk,  which  has 
an  antero-posterior  diameter  equal  to  nearly  half  the  length  of 
the  archenteron.  A  lateral  view  of  the  liver  region  is  outlined  in 
figure  4,  which  is  a  graphic  reconstruction,  with  the  hepatic  area 
outlined  with  broken  lines.  The  lateral  hepatic  diverticula  are 
somewhat  better  defined,  both  dorsally  and  ventrally,  than  in 
the  preceding  stage  and  are  somewhat  deeper.  They  show  in  a 
more  marked  way  the  histologic  differentiation  described  for  the 
precedii^  embryo,  as  is  illustrated  by  figures  5  and  6,  for  the 
cells  have  lengthened  so  rapidly  that  epithehum  is  one-fourth  to 
one-half  thicker  than  that  of  the  dorsal  zone  of  the  gut  above  it. 
Numerous  mitoses  indicate  the  rapid  growth  now  taking  place 
in  this  region.  It  will  be  noticed  from  figure  4  that  the  lateral 
liver  diverticula  now  extend  forward  distinctly  beyond  the  ante- 
rior wall  of  the  yolk-stalk.  Here  the  right  and  left  pouches  are 
fused,  forming  a  single  median  and  ventral  pouch  in  the  posterior 
part  of  the  fore  gut.  The  finer  structure  of  this  anterior  part  is 
illustrated  in  figure  5.  It  shows  the  same  character  and  dis- 
tinction from  the  remainder  of  the  gut-wall  as  does  the  posterior 
part  of  the  anlage.  The  right  and  left  omphalo-mesenteric  veins 
are  now  present,  although  of  small  caUber. 

A  slightly  older  embryo  6.4  mm.  long  shows  somewhat  the  same 
stage  of  development  and  the  liver  region  has  been  reconstructed 
in  wax.  Figures  30  and  31  show  anterior  and  right  lateral  views  ■ 
of  this  object.  The  entire  embryo  is  inclined  markedly  to  the 
left.  The  fore  gut,  ovoid  in  cross  section,  becomes  immediately 
flattened  and  triangular  after  passing  the  anterior  wall  of  the  yolk- 
stalk.  The  lateral  hepatic  diverticula  are  distinctly  outlined  and 
fuse  together,  forming  anteriorly  a  ventral  pouch  in  the  floor  of 
the  fore  gut.    The  antero-posterior  length  of  the  hepatic  anlage 

*  The  following  deaignations  of  embryos  are  employed  in  this  paper:  H.E.C.  — 
Harv&rd  Emhryological  Collections,  K.U.E.C.  =  Kansas  University  Embryo- 
logicat  Collection.    S.C.  —  Author's  Collection, 
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Fig.  4  Graphic  reconstnictioa  of  a  portion  of  the  fore  and  mid  gut  of  an  embryo 
5  mm.  long  (K.U.E.C.  449).  X  50.  The  dotted  lines  indicate  the  borders  of  the 
hepatic  thickening.  Lines  A  and  B  indicate  the  planes  of  sections  reprBBented  in 
figures  5  and  6.     F.g.,  fore  gut;  Hep.d.,  hepatic  diverticula. 

Fig.  5  Transverae  section  of  the  same  embryo  0.03  mm.  in  front  of  the  anterior 
wall  of  the  yolk  stalk.    X  100. 

Fig.  6  Transveraesectionof  thesameembryo0.06mm.  posterior  to  the  anterior 
wall  of  the  yolk  stalk.  X  JOO.  Hep.d.,  hepatic  diverticula,  M.hep.p.,  anterio- 
median  hepatic  pouch,  formed  by  the  fuaioa  of  the  lateral  hepatic  diverticula. 
P-arek.g.,  para-archenteric  grooTes. 
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is  0.30  mm.  The  length  of  the  fused  anterior  parts  of  the  lateral 
divert-icula  is  0.13  mm.,  while  that  of  the  still  separated  posterior 
portions  is  approximately  0.17  mm.  The  posterior  part  of  the 
lateral  liver  anlagen,  however,  can  hardly  be  called  diverticula, 
as  they  are  little  more  than  thickened  plates  of  cells.  The  histo- 
logic differences  between  the  liver  diverticula  and  the  remainder 


Fig.  7  Transverse  section  of  an  Acanthias  embryo  6.4  mm.  long  (S.C.  19), 
0.05  mm.  posterior  to  the  anterior  wall  of  the  yolk  stalk.  X  100.  Hep.d.,  hepatic 
diverticula;  P-arch.g.,  para-arc henteric  groove. 

of  the  archenteron  walls  are  shown  in  figure  7.  The  nuclei  in  the 
walls  of  the  lateral  diverticula  are  no  longer  arranged  in  a  single 
layer,  but  are  irregularly  placed  in  the  basal  halves  of  the  cells. 
Their  eloi^ation  is  noticeable.  The  cytoplasm  of  the  cells  of 
the  hepatic  area  is  condensed  and  stains  darkly  as  compared  with 
that  of  the  cells  above.     The  para-archenteric  grooves  are  very 
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broad  and  shallow  and  can  be  followed  with  difficulty  above  the 
lateral  diverticula.     . 

Two  marked  changes  now  take  place  in  the  liver  aniage,  bring- 
ing about  the  condition  described  foy  Brachet  ('96)  and  others  as 
the  primitive  one.  These  are  the  appearance  of  the  gall  bladder 
and  the  distinct  lateral  and  dorsal  evagination  of  a  part  of  the 
lateral  hepatic  diverticula.  An  embryo  7  mm.  in  length  (H.E.C. 
752),  which  is  probably  a  little  younger  than  No.  21  of  the  Normal 
plate  series  and  a  little  older  than  Balfour's  Stage  H  is  the  earhest 
specimen  in  which  I  have  observed  any  indication  of  the  gall 
bladder.  Both  the  separated  posterior  parts  and  the  anterior 
median  pouch,  formed  by  the  fusion  of  the  anterior  ends  of  the 
lateral  hepatic  diverticula,  are  more  pronounced  than  in  the  em- 
bryo just  described.  The  anterior  wall  of  the  yolk-stalk  is  much 
thickened  over  its  entire  extent,  but  particularly  just  below  the 
point  where  it  becomes  continuous  with  the  floor  of  the  fore  gut. 
The  gall  bladder  is  represented  by  a  very  shallow  median  depres- 
sion at  this  place.  Numerous  mitoses  indicate  that  the  epithe- 
lium is  growing  rapidly  in  this  region.  The  early  evagination  of 
the  gall  bladder  must  take  place  with  some  rapidity,  as  it  is  very 
difhcult  to  find  any  specimens  between  the  stt^es  when  this 
structure  is  entirely  absent  and  when  it  is  a  deep,  well-marked 
pouch. ■ 

.\  specimen  which  illustrates  both  the  early  development  of  the 
gall  bladder  and  the  growth  of  the  lateral  diverticula,  and  is 
quite  comparable  with  the  first  members  of  Hammar's  ('93) 
and  of  Brachet's  ('96)  series  of  models,  has  been  reconstructed 
and  figures  33  and  34  are  anterior  and  left  lateral  views  of  the 
model.  This  specimen,  which  is  7.5  mm.  in  length  (H.E.C'. 
1503  and  No.  24  of  the  Nonnal  plate  series),  has  54  to  55  trunk 
.segments  and  four  gill  pouches,  two  of  which  open  exteriorly. 
The  spiral  valve  makes  one  and  one-third  turns  of  the  gut.  The 
distance  from  the  last  (fourth)  gill  pouch  to  the  anterior  wall  of 
the  yolk-stalk  is  approximately  one-fourth  of  the  complete  length 
of  the  alimentary  canal  and  about  equal  to  the  antero-posterior 
diameter  of  the  yolk-stalk.  The  lateral  hepatic  diverticula  are 
differentiated  into  three  parts.    Anteriorly  they  are  fused,  form- 
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ing  the  single  median  pouch  already  mentioned  which  now  pro- 
jects downward  from  the  floor  of  the  fore  gut.  Continuous  with 
the  median  pouch  thus  formed  are  the  middle  parts  of  the  diver- 
ticula which  are  expanded  laterally  and  dorsally  and  which  will 
be  referred  to  hereafter  as  the  lateral  hepatic  pouches.  The 
lateral  hepatic  pouches  extend  backward  as  far  as  the  anterior 
wall  of  the  yolk-stalk,  and  there  become  continuous  with  the 
posterior  parts  of  the  lateral  diverticula  which  remain  almost 
unchanged  from  their  slightly  expanded  condition  of  earlier  stages, 
and  which  will  be  referred  to  as  the  pars  ductus,  as  it  is  from  them 
that  the  major  portion  of  the  ductus  choledochus  is  formed.  The 
left  lateral  pouch  becomes  continuous  with  the  pars  ductus 
of  that  side  without  any  distinct  line  of  demarcation.  On  the 
right  side,  however,  the  pouch  ends  abruptly  by  projecting 
nearly  at  right  angles  from  the  gut  wall.  Deep  grooves,  of  which 
the  left  is  the  more  pronounced,  intervene  between  the  latter  walls 
of  the  ventral  part  of  the  fore  gut  and  the  mesial  walls  of  the  dor- 
sally  growing  lateral  pouches.  These  indicate  the  beginnii^  of 
the  process  by  which  the  liver  will  be  eventually  cut  off  from  the 
gut  tube  above.  The  gall  bladder  is  present  as  a  deep  ventral 
pouch,  lying  between  the  median  liver  pouch  in  front  and  the 
anterior  wall  of  the  yolk-stalk  behind.  Its  walls  are  directly 
continuous  with  the  ventral  part  of  the  liver  pouch  and  the  pars 
ductus  above,  but  a  slight  longitudinal  groove  marks  the  boimd- 
ary  between  the  structures.  This  groove  becomes  deepwr  as  it 
proceeds  anteriorly  until  a  point  is  reached  about  one-fifth  of  the 
length  of  the  pouch,  from  its  anterior  wall.  Here  the  groove  is 
entirely  absent  and  there  is  thus  left  a  small  anterior  expanded 
segment  of  the  gall  bladder  stalk  which  is  the  anlage  of  the  primi- 
tive cystic  duct.  A  point  worth  emphasis  is  that  the  entire 
liver  anlage  shows  a  slight  rotation  to  the  left  and  that  the  left 
lateral  hver  pouch  shows  a  greater  dorsal  growth  than  does  the 
right.  The  para-archenteric  grooves  have  remained  unchanged. 
The  changes  which  now  follow  are  those  of  passive  growth. 
The  lateral  pouches  expand  transversely  and  become  almost 
globose  in  outline.     At  the  same  time  there  is  a  slight  growth 
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doraally  which  deepens  the  groove  between  them  and  the  gut 
mesially.  The  pars  ductus  expands  sonxewhat  and  becomes 
more  sharply  marked  off  from  the  archenteron  posterioriy.  The 
anterior  median  pouch  also  shares  in  this  expansion  but  shows 
no  other  changes.  Likewise  the  gall  bladder  becomes  rotund, 
a  distinct  groove  intervenes  between  its  dorsal-anterior  angle 
and  the  liver  anlage  and  a  ventral  notch  of  some  depth  separates 
the  sack  from  the  anterior  wall  of  the  yolk-stalk  behind.  In 
front  of  this  ventral  notch  the  sac  is  still  continuous  with  the 
liver  anlage  proper,  but  the  longitudinal  construction  between 
the  two  structures  mentioned  in  the  description  of  the  precedii^ 
embryo  is  present  in  a  more  distinct  form.  These  changes  are 
illustrated  in  figures  35  and  36,  of  a  wax  reconstruction  from  an 
embryo  9  mm.  in  length,  the  general  anatomy  of  which  has  been 
previously  illustrated  in  graphic  reconstruction  in  figure  11  of  the 
Normal  plates  of  Acanthias. 

A  Uttle  later,  as  shown  in  an  embryo  of  sixty  somites  with  three 
open  and  two  closed  gill  pouches  and  two  complete  turns  of  the 
spiral  valve,  the  lateral  pouches  lose  their  expanded  outline,  and 
becoming  flattened  laterally,  enter  upon  a  decided  dorsal  growth 
(figs.  37  and  38).  At  the  same  time  their  posterior  margins 
become  sharply  differentiated  so  that  they  extend  out  from  the 
gut  at  an  abrupt  angle  and  their  distal  edges  show  several  slight 
irregularities.  The  anterior  median  pouch  remains  practically 
unchained.  The  lateral  grooves  along  which  the  Uver  eventually 
separates  from  the  fore  gut  above  it  are  now  considerably  deep- 
ened and  extends  the  entire  length  of  the  line  of  attachment  of 
the  liver  evagination,  although  they  are  still  shallow  anteriorly. 
The  left  lateral  pouch  bears  on  its  lateral  surface  three  small 
longitudinal  ridges.  These  together  with  the  dorsal  irregulari- 
ties mentioned  above  constitute  the  anlagen  of  hepatic  tubules 
and  will  be  discussed  in  the  section  deaUng  with  these  structures. 
The  gall  bladder  white  no  larger  than  in  the  preceding  embryo  is 
separated  from  the  anterior  wall  of  the  yolk-stalk  by  a  deeper 
ventral  notch  and  the  constriction  between  the  sack  and  the 
median  part  of  the  liver  above  is  more  pronounced.     Both  this 
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and  the  preceding  stage  show  a  shght  but  distinct  rotation  of 
the  anterior  part  of  the  liver  to  the  left  around  the  fore  gut  as  an 
axis. 

A  considerable  advance  in  development  is  seen  in  an  embryo 
only  a  millimeter  longer  than  the  preceding  one.  This  specimen 
corresponds  fairly  well  with  Balfour's  stage  I,  or  No.  24  of  the 
Normal  plate  series  the  embryos  of  which  measured  11.5  mm. 
It  has  sixty-five  segments,  three  open  gill  shts  and  two  unopened 
gill  pouches  and  four  turns  of  the  spiral  valve,  A  reconstruction 
of  the  liver  and  adjoining  archenteron  is  illustrated  in  figures  2S, 


Fig.  8  Three  transveree  sections  through  the  liver  region  of  an  Acanthias 
embryo  10  mm.  long  (S,C.  20).  X  60.  A,  Through  the  anterior  part  of  the  median 
hepatic  pouch  (pare  hcpatica  mediana).  B,  Through  the  posterior  part  of  the 
median  pouch  (pars  ductus  mediana).  C,  Through  the  gut  just  posterior  to  the 
liver  proper  showing  the  pars  ductus  lateralis.  F.g.,  fore  gut;  G.bl.,  gull  bladder; 
Ijot.kep.p.,  lateral  hepatic  pouch;  P-arch.g.,  para-arch  enteric  j(roovc;  I'.duel.laL, 
pare  ductus  lateralis;  P.,  pars  hepatica  mediana;  V.omph.L,  V.ompk.r..  left  and 
right  omphalo-mesentcric  veins;  X,  aniage  of  the  ductus  choledochus. 

39  and  40.  The  process  by  which  the  hepatic  pouch  will  even- 
tually be  separated  from  the  gut  above  is  well  under  way.  The 
median  hepatic  pouch  from  which  the  lateral  pouches  .spring  and 
to  which  the  lateral  pouches  are  attached  is  rather  triangular  in 
cross  section  anterior  to  the  origin  of  the  lateral  pouches.  The 
broader  part  is  below  and  the  narrow  dorsal  extremity  joins  the 
floor  of  the  fore  gut  anteriorly  a  little  to  the  right  of  the  median 
line  (fig.  8  4). 

The  ventral  part  of  the  gut  is  also  rotated  to  the  right  so  that 
these  two  structures  join  at  an  oblique  angle  thus  forming  a  broad 
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shallow  groove  on  the  left  hand  sidf  while  on  the  right  they  form 
a  smooth  somewhat  convex  surface.  Posteriorly  the  median 
hepatic  pouch  is  continuous  with  a  short  segment  of  the  gut  which 
in  turn  becomes  attached  to  the  yolk  stalk.  The  parararchen- 
teric  grooves  are  still  distinguishable  and  mark  the  plane  of  union 
between  the  h^atic  aniage  and  the  gut  (fig.  8,  A,  B  and  C,-P- 
arch.  g.).  Two  parts  can  be  distinguished  in  the  median  pouch,  an 
anterior  one  which  projects  a  little  in  front  of  the  anterior  end  of 
the  attachment  of  the  lateral  pouches,  and  a  posterior  part  which 
is  directly  continuous  with  the  former  and  from  which  the  lateral 
pouches  and  the  gall  bladder  take  origin.  Although  these  divi- 
sions are  not  sharply  marked  off  at  present,  they  later  become 
quite  distinct.  The  anterior  one  from  its  later  history  may  be 
called  the  pars  hepatica  mediana  because  it  shares  with  the 
lateral  pouches  or  pars  hepatica  lateralis  in  the  formation  of 
hepatic  ducts  and  trabeculae.  The  posterior  later  develops  into 
a  part  of  the  ductus  eholedochus  and  may  be  called  the  pars 
ductus  mediana  in  distinction  to  the  anterior  and  to  the  pars 
ductus  lateralis  formed  from  the  posterior  portions  of  the  original 
hepatic  diverticula.  The  upper  surface  of  the  posterior  part 
■or  pars  ductus  mediana  of  the  median  pouch  lying  on  either  side 
of  this  dorsal  connection  with  the  gut  already  shows  a  peculiar 
modeling  indicative  of  the  course  which  will  be  eventually  taken 
by  the  ductus  eholedochus  (fig.  28).  There  is  a  marked  expansion 
which  extends  from  the  right  anterior  angle  of  the  median  pouch 
obliquely  backward  to  the  posterior  left  comer.  The  anterior, 
i.e.,  right  portion  of  this  swelling  is  the  more  marked.  From  the 
posterior  edge  of  the  middle  pouch  this  expansion  is  continued 
backward  into  the  mid  gut  as  a  symmetrical  lateral  expansion  of 
the  ventral  part  of  the  'connecting  piece'  between  the  hepatic  and 
stomach  anlagen  above  it  to  the  yolk-stalk  and  overlying  gut. 
As  seen  from  their  position'  these  lateral  expansions  are  the 
remains  of  the  posterior  ends  of  lateral  hepatic  diverticula  or 
pars  ductus  lateralis  (fig.  8,  (7).  Thus  there  can  already  be  recog- 
nized two  distinct  parts  of  the  ductus  eholedochus:  an  anterior 
asymmetric  portion  and  a  posterior  part  which  is  symmetrically 
placed. 
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The  lateral  pouches  have  continued  their  dorsal  growth  and 
now  extend  as  far  upward  as  tne  dorsal  surface  of  the  gut.  Their 
upper  parts  are  expanded,  particularly  posteriorly,  so  that  a 
proximal  constricted  stalk  and  a  distal  expanded  portion  can  be 
distinguished.  In  earlier  stages  as  shown  by  figures  33  and  37, 
the  origin  of  each  lateral  pouch  was  continuous  with  the  entire 
lateral  edge  of  the  median  one,  but  at  this  stage  it  is  confined  to 
the  posterior  four-fifths  of  this  edge.  The  dorsal  part  of  each 
lateral  pouch  is  curved  a  little  medially.  All  the  external  lateral 
surface  of  each  lateral  pouch  is  corrugated  with  rather  irregular 
longitudinal  ridges  which  are  somewhat  broken  by  shallow  trans- 
verse fissures  ffig.  40),  Similar  ridges  are  forming  on  the  ventral 
surface  of  the  median  pouch  anterior  to  the  gall  bladder.  The 
dorsal  edge  of  each  median  pouch  is  also  rendered  exceedingly 
irregular  by  the  several  small  pouches  springing  from  it.  All 
of  these  structures  are  the  anlagen  of  hepatic  tubules  the  forma- 
tion of  which  was  referred  to  in  the  description  of  the  precedii^ 
embryo. 

The  gall  bladder  is  now  a  large  thick-walled  sac,  ovoid  in  shape 
and  somewhat  flattened  dorso-ventrally.  Distinct  grooves  sepa- 
rate it  from  the  median  Uver  pouch  and  comiecting  piece  behind, 
and  along  its  dorsal  edge.  These  grooves  are  however  deeper 
posteriorly  than  anteriorly  as  might  be  expected  from  their  his- 
tory in  earlier  stages.  The  extreme  anterior  tip  of  the  gall  blad- 
der is  drawn  to  a  point  and  projects  very  sli^tly  forward  below 
the  anterior  part  of  the  median  liver  pouch. 

IV.  CONCLUSIONS 

All  the  main  divisions  of  the  liver  are  now  estabhshed  and  before 
giving  an  account  of  their  later  history  it  may  be  well  to  sum- 
marize the  development  of  the  oi^an  up  to  this  stage.  The  semi- 
diiagrammatic  models  shown  in  figures  9  to  12,  illustrate  this 
process.  They  are  of  embryos  3.6,  6.4,  7.5  and  9  mm.  long 
respectively,  and  are  based  upon  wax  reconstructions  and  meas- 
urements of  specimens  described  in  the  preceding  pages.  In 
each  a  portion  of  the.  mid  and  fore  gut  is  represented  as  restii^  on 
a  block  of  yolk.    The  dorsal  half  of  the  archenteron  is  cut  away 


Digitized  byGoOgIC 


DEVELOPMENT   OF  THE   ELASMOBRANCH   LIVER  351 

SO  that  one  looks  down  on  the  interior  of  the  ventral  half  of  the 
gut  from  above  and  a  little  behind.  Figure  9  shows  the  liver  as  a 
pair  of  shallow  lateral  diverticula,  lying  mainly  behind  the  point 
of  union  of  fore  gut  and  blastodermic  entoderm  or  the  anterior 
wall  of  the  yolk-stalk.  As  the  embryo  is  elevated  and  farther 
separated  from  the  blastoderm  the  anterior  wall  of  the  yolk- 
stalk  retreats  posteriorly.  This  brings  the  anterior  ends  of  the 
lateral  diverticula  in  contact  and  they  fuse  more  and  more,  form- 
ing the  median  liver  pouch  and  producing  the  condition  shown  in 
figure  10. 

Here  the  Uver  aniage  is  [/-shaped  with  the  limbs  of  the  U  turned 
posteriorly  and  slightly  divergent.  The  fusion  of  the  lateral  diver- 
ticula is  continued  along  with  the  posterior  progression  of  the 
anterior  wall  of  the  yolk-stalk.  At  the  same  time  parts  of  these 
structures  undergo  unequal  growth.  In  each  diverticulum  the 
middle  part  above  and  a  fittle  behind  the  fused  median  portion 
begins  a  rapid  dorsal  and  lateral  growth,  producii^  the  structures 
known  variously  as  'lateral  pouches'  'fibauche  h^patique,' 
and  'Seitendivertikel.'  The  posterior  parts  of  the  primitive 
lateral  diverticula,  or  pars  ductus,  which  extend  backward  to  or 
beyond  the  anterior  wall  of  the  yolk-stalk  share  but  little  in  this 
growth,  but  remain  unchanged  in  their  primitive  condition  as  a 
pair  of  shallow  lateral  diverticula  until  at  a  much  later  period, 
they  are  transformed  into  a  part  of  the  ductus  choledoehus. 

In  the  meantime  the  gall  bladder  arises  as  an  out-pouching  of 
the  dorsal  part  of  the  anterior  wall  of  the  yolk-statk  and  being 
somewhat  cut  off  from  that  structure  by  the  posterior  growth  of 
the  fore  gut  comes  to  he  between  it  and  the  median  liver  pouch 
anteriorly  and  with  the  lateral  median  pouches  bounding  its  sides. 
This  stage  is  represented  in  figure  11.  Figure  12  shows  a  some- 
what later  stage  modified  from  the  preceding  by  the  greater  expan- 
sion of  all  parts  of  the  hepatic  structure  and  by  a  still  greater 
elongation  of  the  fore  gut. 

This  account  of  the  development  of  the  liver  is  to  some  extent 
in  accord  with  that  given  by  Hammar  ('93)  as  opposed  to  the. 
idea  of  a  sii^le  median  ventral  aniage  as  advanced  by  Balfour 
(76),  Laguesse  ('93),  Brachet  ('96)  and  Choronschitzky  ('00). 
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Figs.  0,  10,  11,  12  A  series  of  semi -schematic  reconstructions  to  illustrate  the 
esrly  development  of  the  liver;  all  X  50.  The  plan  of  reconstruction  is  eKplained 
in  the  text  on  p.  360.  F.g.,  fore  gut;  CM.,  gall  bladder;  i;<if.ftep. p.,  lateral  hepatic 
pouches;  Med. Aep.p.,  median  hepatic  pouch;  Hep.d.,  hepatic  diverticula;  P.duct. 
lat.,  pars  ductus  lateralis;  Sp.i:,  spiral  valve;  Y.w.,  anterior  wail  of  the  yolk 
stalk. 

Fig.    9    Embryo  3.6  mm.  long. 

Fig.  10    Embryo  6.4  mm.  long. 

Fig.  11    EmbiyoOmm.  long. 
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From  a  short  study  of  early  Torpedo  embryos  I  am  inclined  to 
think  that  in  this  form  the  stage  in  which  the  liver  exists  as  a 
pair  of  lateral  diverticula  must  be  very  brief  if  at  all  present, 
because  embryos  of  this  form  separate  from  the  blastoderm  at  an 
earlier  period  than  do  Acanthias  embryos  and  have  a  compara- 
tively small  yolk-stalk.  The  rapid  formation  and  elongation  of 
the  fore  gut  accompanying  these  changes  may  involve  the  hepatic 
areas  before  they  are  differentiated  as  pouches.  As  r^ards  Acan- 
thias and  probably  other  Selachii,  it  appears  to  me  very  probable 
that  investigators  have  been  misled  from  a  study  of  embryos 
which  have  advanced  to  a  considerable  extent  in  the  process  of 
development.  It  is  interesting  to  note  that  in  embryos  of  other 
groups  of  animals  possessing  large  yolk-laden  ova  the  liver  forms 
at  a  stage  when  other  oi^ans  are  in  quite  a  primitive  condition, 
and  in  only  slightly  teleolecithal  ova  the  time  of  origin  is  still 
younger.  At  the  time  when  Balfour,  Brachet  and  Laguesse  record 
the  appearance  of  the  hver  in  elasmobranch  fishes  the  embryo  is 
well  established,  several  gill  slits  are  fully  formed,  the  sense  organs 
are  completely  invaginated,  the  spinal  nerve  anlagen  are  laid 
down  and  the  limb  fundaments  are  about  to  appear.  The  earliest 
anlage  of  the  Uver  is  not  extensive  and  can  hardly  be  recognized 
without  a  previous  study  of  somewhat  later  stages.  Again  after 
the  primitive  paired  Uver  diverticula  are  well  formed  they  are 
often  to  a  considerable  extent  obUterated  by  the  fallii^  of  the 
embryo  to  one  or  the  other  side  as  it  becomes  top-heavy  by  separa- 
tion from  the  yolk  which  has  supported  it  up  to  this  time.  This 
flexure  causes  one  or  more  large  transitory  folds  which  tend  to 
render  inconspicuous  the  pouch  in  the  side  upon  which  the  embryo 
comes  to  he,  and  at  the  same  time  almost  obliterates  the  opposite 
pouch  by  stretching.  The  histolopc  characters  of  these  areas 
remain  unchanged  however.  Figure  13  is  a  cross  section  through 
the  liver  region  of  an  embryo  4.8  mm.  in  lei^h,  showing  these 
changes. 

Although  in  this  form  of  selachian  at  least  the  anlage  of  the 
Uver  is  a  paired  one,  it  does  not  foUow  that  this  is  the  original 
condition  of  the  structure.  It  seems  probable  that  it  has  been 
brought  about  purely  by  the  mechanical  influence  of  the  large 
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amount  of  yolk  present  by  which  the  original  tube  of  entoderm  is 
spread  out  plate-like  upon  an  almost  fiat  surface  of  the  yolk  sub- 
stance. In  such  a  case  the  ventral  portion  of  the  original  tube 
would  form  the  peripheral  portion  of  each  lateral  half  of  the  plate 
and  the  folding  of  the  plate  into  a  tube  again  in  the  course  of 


Hep. 


Fig.l3  Transverse  section  of  an  Acanthias  embryo  4.8  mm.  long  '(H.E.C. 
1398),  showing  the  effect  of  the  inclination  of  the  embryo  upon  the  lateral  hepatic 
diverticula.     X  50.    Hep.d.,  hepatic  diverticula. 

the  separation  of  the  embryo  from  the  yolk  would  approximate 
once  more  the  two  separated  parts.  These  lateral  diverticula 
may  then  be  regarded  simply  as  the  potential  halves  of  an  original 
ventral  pouch  which  begin  their  expansion  before  their  union 
along  the  ventral  median  line  takes  place.     As  might  be  expected 


Digitized  by  Google 


DEVELOPMENT  OF  THE   ELA8M0BRANCH   LIVER  355 

this  union  does  not  occur  at  the  same  time  along  the  entire  antero- 
posterior length  of  the  hver  but  proceeds  from  the  cephalic  end 
backward,  thus  producing  the  17-shaped  figure  shown  in  figures 
9  and  10. 

It  appears  that  too  much  importance  has  been  placed  upon  the 
position  of  the  liver  anlagen  in  regard  to  the  anterior  intestinal 
portal.  Laguesse  ('93),  Brachet  ('96)  and  Choronschitzky  ('00) 
all  emphasize  this  point.  This  structure,  however,  is  constantly 
shifting  posteriorly  as  has  been  demonstrated  by  Mayr  ('97),  and 
the  location  of  the  liver  in  front  of  it  holds  good  only  for  stages 
which  are  well  advanced.  The  location  of  the  Uver  as  immedi- 
ately behind  the  sinus  venosus  is  perhaps  of  more  value,  but  in 
Acanthias  at  least,  the  liver  is  present  before  the  two  omphalo- 
mesenteric veins  become  confluent  to  form  the  endothelial  heart, 
or  indeed  before  they  are  represented  by  definite  endothelial  tubes. 

Laguesse  has  already  called  attention  to  the  fact  that  in  Acan- 
thias the  gall  bladder  appears  somewhat  later  than  the  remainder 
of  the  hepatic  apparatus,  and  seems  to  be  developed  from  the 
anterior  wall  of  the  yolk-stalk  rather  than  from  the  posterior 
part  of  the  median  liver  pouch.  Hammar  ('93,  '97)  appears  to 
hold  the  same  opinion  in  regard  to  Torpedo.  I  believe  that  my 
sections  and  models  bear  out  this  conclusion  and  that  this  struc- 
ture can  be  properly  interpreted  as  an  organ  arising  quite  separate 
from  the  hepatic  aniage  at  the  juncture  of  the  pars  ductus  of  the 
lateral  liver  diverticula  and  the  floor  of  the  gut,  as  represented  by 
the  anterior  wall  of  the  yolk-stalk  portal.  The  shifting  of  the 
sac  anteriorly  so  that  its  duct  comes  to  lie  in  front  of  the  openings 
of  the  hepatic  ducts  into  the  ductus  choledochus  will  be  discussed 
in  the  following  section. 

All  specimens  after  the  stage  when  the  median  and  lateral 
hepatic  pouches  are  formed  show  a  small  but  constant  rotation 
of  the  hepatic  aniage  to  the  right.  This  rotation  seems  without 
doubt  to  be  a  part  of  that  greatw  one  which  produces  the  spiral 
valve.  Like  the  latter  it  is  from  the  left  to  the  right  side,  i.e., 
clockwise  around  an  axis  corresponding  to  the  longitudinal  axis 
of  the  gut,  and  it  is  coincident  with  it,  appearing  when  the  embryo 
has  from  50  to  60  segments  and  ha.s  rea  ched  a  length  of  6  to  7  nun. 
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Its  extent  is  but  slight  as  compared  with  that  of  the  posterior 
portion  of  the  gut,  being  at  most  not  over  15  degrees.  The 
hinder  and  lower  portion  of  the  hepatic  anlage  is  less  affected  by 
this  twisting  than  is  the  anterior  free  part  presumably  because  its 
attachment  to  the  vitelUne  duct  is  still  considerable  in  extent  and 
must  offer  some  resistance  to  whatever  force  it  may  be  that  pro- 
duces the  rotation.  That  this  portion  of  the  alimentary  tract 
is  affected  to  a  slight  degree  however  is  shown  by  the  broad 
shallow  groove  which  appears  in  the  posterior  half  of  the  left  wall 
of  the  yolk-stalk  and  which  has  been  figured  and  described  in 
the  Normal  plates  (Scammon  '11),  under  the  term  'Lateral 
groove  of  the  vitelline  duct,'  and  which  may  be  seen  in  the  figures 
of  reconstructions  of  embryos  7.5,  9  and  11.5  mm.  in  length 
respectively,  in  that  paper.  The  gut  anterior  to  the  yolk-stalk 
also  shows  some  rotation,  being  twisted  to  the  right  as  is  indicated 
by  the  angle  formed  by  its  lumen  with  the  mid-sagittal  plane  of 
the  body. 

PART  II 
I.  DESCRIPTION    OF    FULLY    FORMED    BILIARY    APPARATUS 

Before  attempting  to  describe  the  development  of  the  gall 
bladder  and  liver  ducts,  it  may  be  well  to  outline  the  form  of 
these  structures  in  the  late  embryo  or  new-bom  fish  and  to  pre- 
sent the  terminology  which  will  be  employed  in  the  remainder  of 
this  paper. 

In  large  embryos  and  new-bom  specimens  of  Acanthias  the 
liver  is  a  lai^e  viscus  occupying  nearly  half  of  the  abdominal 
cavity.  It  consists  of  two  lateral  lobes  which  are  imited  ante- 
riorly by  a  median  mass  which  stretches  completely  across  the 
body  cavity  posterior  to  the  septum  tranaversum.  From  the 
right  ventral  and  posterior  margin  of  the  median  mass  a  small 
pointed  process  extends  backward  and  to  the  left.  As  the  gall 
bladder  is  imbedded  in  this  mass  it  has  been  termed  the  cystic 
lobe.  The  cystic  lobe  lies  directly  ventral  to  the  stomach  and 
to  the  left  of  the  cephalic  end  of  the  large  internal  yolk  sac. 
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■  The  gall  bladder  is  an  elongated  tubular  sac  which  lies  along 
the  right  margin  of  the  cystic  lobe.  It  is  imbedded  in  hepatic 
parenchyma  except  for  a  little  of  the  right  surface  which  receives 
a  peritoneal  investment.  The  cystic  duct'  arises  from  the  anterior 
end  of  the  gall  bladder  and  proceeds  directly  dorsally.    It  then 


Fig.  14  A  dissection  of  an  Acanthias  embryo  20  cm.  in  length.  X  j.  The 
ventral  abdominal  wall  has  been  cut  away  and  the  vitelline  duct  severed  at  its 
connection  with  the  Internal  yolk  stalk.  The  gall  bladder  and  maio  hepatic  ducts 
have  been  dissected  out.  The  large  veins  of  the  liver  have  been  omitted  from  this 
drawing.  C.I.,  cystic  lobe;  D.choL,  ductus  choledochue;  D.cyst.,  cystic  duct; 
D.hep.L,  left  hepatic  duct;  D.viL,  liteUiue  duct;  OM.,  gall  bladder;  I.y.s.,  internal 
yolk  sac;  L.I.,  lateral  lobe;  Pane.,  pancreas;  V.int.,  valvular  intestine;  V.  iiAitU,, 
Bubintestinal  vein. 

Fig.  15  Diagrammatic  representation  of  the  gall  bladder  and  liver  ducts  of 
Acanthias  as  seen  from  above.  D.ehol.,  ductus  choledochus;  D.cyat.,  cystic  duct; 
D.kep.L,  left  hepatic  duct;  D.hep.r.,  right  hepatic  duct;  G.bl.,  gall  bladder;  R.a.l., 
anterior  left  hepatic  ramus;  R.a.r.,  anterior  right  hepatic  ramus;  R.l.m.,  left 
medial  hepatic  ramus;  A.p.I.,  posterior  left  hepatic  ramus;  R.p.r.,  posterior  right 
hepatic  ramus;  R.r.m.,  right  medial  hepatic  ramus. 

makes  a  sharp  semicircular  carve  and  proceeds  posteriorly  to 
join  the  ductus  choledochus.  In  older  embryos  and  adults  there 
is  no  line  of  demarcation  between  the  cystic  and  common  bile 
ducts.    The  ductus  choledochus  extends  backward  ventral  to  the 
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internal  yolk  sac  joinii^  the  valvular  intestine  on  the  left  side  of 
the  first  turn  of  the  spiral  valve. 

Figure  15  shows  the  gall  bladder  and  hepatic  ducts  in  diagram. 
The  main  right  and  left'  hepatic  ducts  join  with  the  ductus  chole- 
dochus  obhquely,  the  left  gaining  entrance  in  front  of  the  right. 
The  distance  between  the  ostia  of  the  two  ducts  varies  in  different 
specimens.  The  left  duct  after  extending  a  short  distance  an- 
teriorly arches  far  out  laterally  and  there  turning  backward  passes 
posteriorly  in  the  left  lateral  lobe.  The  right  duct  makes  a  sharp 
arch  anteriorly  and  then  passes  backward  into  the  right  lobe. 

The  main  lateral  hepatic  ducts  give  rise  to  numerous  small 
hepatic  tubules  and  to  several  larger  rami.  The  former  are 
extremely  irregular  in  form,  origin  and  number,  but  the  latter, 
although  displaying  great  variation  in  position  can  in  most  cases 
be  reduced  to  the  following  classification :  (1)  right  medial  hepatic 
ramus,  (2)  left  medial  hepatic  ramus,  (3)  anterior  right  hepatic 
ramus,  (4)  posterior  right  dorsal  hepatic  ramus,  (5)  anterior  left 
hepatic  ramus,  (6)  posterior  left  dorsal  hepatic  ramus. 

The  right  medial  hepatic  ramus  varies  considerably  in  the  place 
of  origin,  commonly  it  is  attached  to  the  right  duct  near  its  proxi- 
mal end.  The  left  medial  hepatic  ramus  commonly  takes  origin 
from  the  proximal  part  of  the  left  hepatic  duct  but  may  in  some 
cases  be  attached  to  the  ductus  choledochus  or  even  to  the  base 
of  the  right  hepatic  duct.  The  anterior  right  and  the  anterior 
left  rami  generally  arise  from  the  summit  of  the  anterior  arch 
formed  by  each  of  the  main  hepatic  ducts,  but  the  left  ramus  may 
attach  either  to  the  ductus  choledochus,  or  as  I  have  observed  in 
one  embryo,  to  the  base  of  the  main  right  hepatic  duct.  The 
posterior  dorsal  hepatic  rami  arise  from  the  hepatic  duets  either 
at  the  lateral  extremity  of  the  anterior  arch  or  in  the  anterior 
part  of  their  posterior  course.  They  seem  to  be  fairly  constant 
in  position.  Minor  variants  from  the  above  scheme  are  common 
and  simple  rami  differ  much  in  size  or  may  be  replaced  by  two  or 
more  smaller  ones.  The  terminology  used  here  is  based  upon 
the  development  of  these  structures  as  will  now  be  described. 
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II.  DEVELOPMENT  OF  THE   HEPATIC   DUCTS  AND   THEIR   RAMI 

The  elements  entering  into  the  formation  of  the  hepatic  ducts 
are  the  anterior  portion  of  the  median  liver  pouch  or  pars  hepatica 
mediana,  and  the  right  and  left  lateral  hepatic  pouches  or  the 
pars  hepatica  lateralis.*  These  structures  are  converted  into  the 
main  hepatic  ducts  found  in  the  fully  developed  embryo  by  means 
of  reduction  in  caliber  both  relative  and  actual,  by  elongation, 
and  by  partial  separation  from  the  posterior  portion  of  the  median 
liver  pouch  or  pars  ductus  mediana.  That  such  processes  take 
place  has  been  recognized  by  Balfoior  (76),  Hammar  ('93), 
Brachet  ('96),  and  other  investigators.  The  details  have  not  been 
described.  The  minor  ducts  are  formed  in  Acanthias  in  much  the 
same  manner  as  are  the  major  ones,  by  the  differentiation  and 
elongation  of  the  proximal  parts  or  pedicles  of  certain  fairly  defi- 
nitely placed  groups  of  tubules  which  arise  from  the  surface  of 
the  embryonic  structures  which  form  the  main  ducts.  This 
method  of  formation  of  the  minor  ducts  probably  holds  only  for 
selachians  in  which  the  omphalo-mesenteric  veins  are  compara- 
tively small  and  develop  at  a  late  stage. 

An  account  of  the  development  of  these  ducts  may  begin  with 
the  description  of  an  embryo  15  mm.  in  length  (H.E.C.  227  and 
No.  26  of  the  Normal  plate  series)  the  general  anatomy  of  which 
is  illustrated  in  figure  13  of  the  Normal  platesof  Squalus  acanthias. 

The  main  divisions  of  the  liver  of  this  specimen  and  the  proximal 
part  of  the  hepatic  tubules  arising  from  them  have  been  recon- 
structed and  figures  41,  42  and  44  are  right  lateral,  left  lateral  and 
anterior  views  of  this  object. 

The  median  hepatic  pouch  is  completely  separated  from  the 
gut  above  and  this  separation  has  extended  backward  convert- 

'  The  use  of  this  and  the  following  terms  of  this  paragraph  is  somewhat  of  a 
departure  from  the  classificatioo  of  the  components  of  the  selachian  liver  pouch 
into  'para  cystica'  and  'pars  hepatica'  as  proposed  by  Brachet  ('96,  '97)  on  the 
basis  of  aaimilar  classification  employed  byGoeppert  ('93)  in  his  description  of  the 
development  of  the  liver  in  Teleosts.  The  term  'pars  cystica'  as  used  by  Brachet 
ucludes  the  'pars  ductus  mediana'  and  'para  ductus  lateralis'  as  employed  here, 
as  well  as  the  anlage  of  the  gall-bladder  and  cystic  duct.  If  the  conception  as 
presented  here,  of  the  gall  bladder  as  an  organ  with  an  origin  distinct  from  the 
liver,  is  a  correct  one,  then  this  term  'pars  cystica'  can  hardly  be  properly  applied 
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ing  the  pars  ductus  lateralis  into  a  short  tube  of  lai^e  caliber. 
This  is  the  middle  part  of  the  ductus  choledochus.  It  joins  with 
the  floor  of  the  duodenum  a  little  to  the  right,  thus  preserving  the 
same  relation  observed  in  younger  embryos.  The  obliquely 
placed  swelling  upon  the  dorsal  surface  of  the  median  pouch 
which  represents  the  course  of  the  distal  portion  of  the  ductus 
choledochus  is  present  but  is  not  so  marked  as  in  the  embryo  10 
mm.  in  length  described  in  the  preceding  section  (p.  348). 

The  pars  bepatica  mediana  or  anterior  part  of  the  median  pouch 
is  broadly  continuous  with  the  pars  ductus  medialis  behind  and 
with  the  lateral  pouches  posteriorly  and  laterally.  Its  anterior 
surface  (fig.  44)  is  rendered  extremely  irregular  by  the  formation 
of  a  number  of  hepatic  tubules.  The  origin  of  these  structures 
from  ridges  in  the  pars  hepatica  was  noted  in  connection  with  the 
description  of  an  embryo  10  mm.  in  length,  in  the  preceding 
section  of  this  paper.  At  the  present  stage  the  tubules  arising 
from  the  pars  hepatica  mediana  are  little  more  than  short  conical 
evaginations  of  the  pouch  wall  and  only  one  shows  any  evidence 
of  the  complex  branching  which  all  soon  undergo.  The  tubules 
of  the  pars  hepatica  mediana  are  divided  into  two  groups,  a  right 
and  a  left,  by  a  deep  vertical  furrow  which  lies  somewhat  to  the 
left  of  the  median  plane  and  extends  from  the  dorsal  to  the  ventral 
surface  of  the  pouch.  The  right  subdivision  thus  formed  is  more 
extensive  than  the  left,  but  a  smaller  nimiber  of  tubules  arise 
from  it.  The  groups  of  tubules  established  by  this  subdivision 
will  be  termed  in  this  paper  the  right  medial  group  and  the  left  me- 
dial group  respectively.  The  lower  surface  of  the  pars  mediana 
remains  smooth  at  this  stage  and  rests  upon  a  mass  of  mesenchyma 
which  extends  from  the  anterior  surface  of  the  gall  bladder  to  the 
anterior  mesothelial  wall  of  the  .liver. 

to  all  of  these  structures  and  to  uee  it  for  atructuree  which  are  later  nholly  incor- 
porated in  the  ductus  choledochus  and  not  in  the  vessica  fellae  or  its  duct  at  all, 
seems  inadvisable.  The  use  of  the  expression  'mediana'  in  connection  with  'pars 
ductus'  is  not  intended  to  convey  the  meaning  that  this  portion  of  the  ductus 
choledochus  is  a  direct  derivative  of  the  median  part  of  the  gut  primarily,  but  that 
it  is  formed  from  the  median  pouch  produced  by  the  fusion  of  the  anterior  parts  of 
the  original  lateral  diverticula  while  the  more  posterior  part  of  the  ductus  chole- 
dochus is  formed  from  the  hinder  parts  of  the  lateral  diverticula  without  the  inter- 
vention of  a  median  pouch  stage. 
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The  lateral  pouches  merge  into  the  pars  hepatica  mediana 
anteriorly  and  the  distinction  between  these  parts  in  this  rt^on  is 
only  possible  through  an  examination  of  the  tubule  formation. 
Posteriorly,  however,  the  proximal  portion  or  stalk  of  each  pouch 
is  constricted  and  elongated  to  form  the  hinder  part  of  a  broad 
short  duct  connecting  the  pars  ductus  of  the  median  pouch  with 
the  distal  expanded  portions  of  the  lateral  ones.  This  condition 
is  illustrated  by  the  transverse  section  shown  in  figure  16. 


Fig.  16  Trangverae  section  through  the  liver  of  ao  Acanthias  embryo  15  mm. 
long  (H.KC.  227).  X  125.  O.bl.,  gall  bladder;  LMp.p.,  left  hepatic  pouch. 
P.dttct.nud.,  para  ductus  mediana;  R.hep.p.,  right  hepatic  pouch. 
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The  mesial  surfaces  of  the  lateral  pouches  are  smooth  except 
for  some  mmor  fissures  and  the  gutter  Uke  spaces  between  them 
and  the  para  mediana  are  occupied  by  mesenchyma  and  the  vitel- 
line veins.  The  lateral  surface  of  each  pouch  is  almost  obscured 
by  the  numerous  hepatic  tubules  which  arise  from  it.  The  dorsal 
growth  of  the  pouches  so  evident  in  early  stages  has  now  come  to 
an  end  and  their  dorsal  margins  hardly  extend  above  the  ventral 
surface  of  the  stomach  as  is  seen  in  figures  41  and  42.  A  ntmiber 
of  large  trunk-tubules  arise  from  them.  As  in  the  pars  bepatica 
mediana  all  the  tubules  of  the  lateral  pouches  tend  to  gather  in 
certain  fairly  well  defined  groups.  These  consist,  on  either  side, 
of  an  anterior  and  a  posterior  group,  and  the  latter  is  less  definitely 
subdivided  into  a  dorsal  and  a  ventral  cluster.  The  tubules  of 
the  anterior  groups  spring  from  the  dorsal  half  of  the  anterior 
part  of  the  lateral  pouch  leaving  a  ventral  area  below  which  is 
smooth  or  occupied  only  by  small  tubules  in  the  process  of  forma- 
tion. The  posterior  group  is  much  larger  and  its  two  subdivi- 
sions occupy  the  entire  posterior  half  and  hinder  margin  of  the 
pouch.  As  will  be  seen  from  figure  41,  these  groups  are  not  com- 
pletely separated,  as  small  and  less  developed  tubules  intervene 
in  some  places.  The  formation  of  these  minor  tubules  continues 
until  a  much  later  period.  The  tubule  groups  of  the  anterior 
part  of  the  left  lateral  pouch  and  of  the  left  side  of  the  pars' 
hepatica  mediana  lie  much  closer  together  than  those  of  the 
opposite  side. 

This  early  arrangement  of  the  hepatic  tubules  into  groups  is  of 
much  importance  for,  as  has  been  stated,  while  the  main  hepatic 
ducts  are  produced  by  the  elongation  and  narrowing  of  the 
caliber  of  the  lateral  pouches,  each  group  of  tubules  becomes  iso- 
lated by  the  formation  of  a  common  stalk  which  fater  develops 
into  one  or  more  rami  of  the  minor  hepatic  ducts.  The  arrange- 
ment of  the  tubule  groups  is  expressed  in  tabular  form  in  table  1. 

A  reconstruction,  illustrated  in  figures  43,  45  and  46  of  an  em- 
bryo but  0.5  mm.  longer  than  the  precediog  but  which  resembles 
in  general  anatomy  the  average  embryo  of  IS  mm.,  shows  more 
clearly  the  process  of  duct  formation.  The  common  bile  duct  is 
now  three  times  as  long  as  its  greatest  diameter  and  the  pars  duc- 
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,  tus  mediana  has  lost  somewhat  of  its  sac-like  form  and  appears  as 
an  irregular  dilated  chamber  which  is  broader  in  front  than  behind 
and  receives  the  broad  short  cystic  duct  from  below  and  the  proxi- 
mal parts  of  the  lateral  pouches  from  the  sides.  The  pars  hepatica 
mediana  is  somewhat  elongated  and  is  still  broadly  continuous 
with  the  pars  ductus  posteriorly.  The  formation  of  tubules 
from  it  has  progressed  considerably  and  now  involves  the  ventral 
as  well  as  the  anterior  surface.  The  division  of  this  part  of  the 
median  pouch  into  right  and  left  segments  by  a  vertical  fissure  ia 
well  marked.  This  fissure  lies  in  the  same  sagittal  plane  as  the  left 
lateral  wall  of  the  pars  ductus  behind  it,  thus  showing  a  marked 

TABLE  I 

Arrangemenl  of  hepiitk  lubult  groupi 
Para  hepatica  mediana 


Right  medial  Left  medial 
tubule  tubule 

group  group 

Right  hepatic  pouch  Left  hepatic  pouch 


Anterior  right  Posterior  right  Anterior  left  Posterior  left 

tubule  group  tubule  group  tubule  group  tubule  group 


Dorsal  Ventral 

clu-!ter  cluster 


shift  to  the  left.  On  the  right  side  the  pars  hepatica  mediana 
is  no  longer  confluent  with  the  anterior  part  of  the  lateral  pouch 
but  is  separated  from  it  by  narrow  zone  of  tubule  free  surface 
(fig.  46),  On  the  left  side  however  the  pars  hepatica  mediana 
extends  far  laterally  and  is  continuous  with  the  left  lateral  pouch 
posteriorly. 

The  lateral  pouches  also  show  several  changes.  Their  proximal 
stalks  are  elongated  and  the  size  of  their  distal  expansions  is  much 
reduced.  The  connecting  stalk  of  the  left  pouch  with  the  pars 
ductus  mediana  is  shifted  so  far  forward  that  its  posterior  margin 
lies  in  the  same  transverse  plane  as  the  anterior  mat^n  of  its 
fellow  of  the  opposite  side.     The  distal  part  of  the  left  pouch  is 
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also  farther  separated  from  the  posterior  part  of  the  median 
pouch  than  is  the  right. 

The  grouping  of  the  tubules  which  arise  from  the  lateral  pouches 
is  quite  distinct  except  for  the  left  medial  and  anterior  left 
groups  which  have  been  rendered  confluent  by  the  vascular 
changes  just  discussed.  The  dorsal  and  ventral  posterior  clus- 
ters of  the  left  side  (fig.  45)  are  separate  and  the  dorsal  cluster 
which  throughout  early  stages  precedes  the  ventral  one  in  develop- 
ment, is  raised  from  the  pouch  surface  and  connected  with  it  by 
a  short  broad  pedicle.  On  the  right  side  (fig.  46),  the  anterior 
right  tubule  group  lies  close  to  but  is  not  fused  with  the  right 
medial  one.  As  on  the  opposite  side,  both  dorsal  and  ventral 
clusters  are  distinct,  and  both  are  beginnii^  to  develop  pedicles. 

These  differences  between  the  right  and  left  parts  of  the  pars 
hepatica  mediana  anji  between  the  lateral  pouches  were  present 
to  some  small  degree  in  the  preceding  stage,  but  are  more  notice- 
able in  this  specimen  and  become  more  marked  during  later 
development.  They  are  due  primarily  to  the  unequal  size  of  the 
omphalo-mesentenc  veins. 

It  is  well  known  from  the  studies  of  Rabl  ('92),  Mayer  ('89), 
Hammar  ('93),  and  others,  that  in  selachians  there  are  at  first 
two  omphalo-mesenteric  veins  of  almost  equal  size.  Early  in 
development  however  the  right  omphalo-mesenteric  vein  loses 
its  connection  with  the  area  vasculosa  and  for  a  time  ends  blindly 
on  the  lateral  wall  of  the  yolk-stalk.  Later  a  connection  is  formed 
between  the  posterior  end  of  the  right  omphalo-mesenteric  vein 
and  the  subintestinal  vein  by  meaus  of  a  channel  lying  to  the 
right  of  the  pancreas.  During  the  period  while  the  right  omphalo- 
mesenteric vein  ends  blindly  behind  the  blood  from  the  yolk 
sac  and  from  the  subintestinal  vein  passes  forward  through  the 
left  omphalo-mesenteric  vein  alone,  and  this  vessel  in  conse- 
quence becomes  much  enlarged.  At  this  time  the  rotation  of  the 
gut  from  left  to  right  about  a  longitudinal  axis  is  in  progress  and 
the  passageway  for  the  vascular  channel  between  the  lateral 
hepatic  pouch  and  the  median  hepatic  pouch  and  fore  gut  is  some- 
what larger  on  the  left  side  than  on  the  right.  This  condition 
is  shown  both  in  the  anterior  view  of  the  model  of  an  embryo 
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10  mm.  long  and  in  figure  S  A,  a  cross  section  of  the  same 
specimen. 

The  effect  of  the  enlargement  of  the  left  omphalo-mesenteric 
vein  upon  the  liver  anlage  has  already  been  described  in  part  and 
will  be  considered  farther  in  describing  later  stages.  Passii^ 
along  the  left  side  of  the  median  hepatic  pouch  or  the  conmion 
bile  duct  it  pushes  this  structure  to  the  right  and  shifts  the  left 


Fig.  17  Front&i  section  of  the  liver  and  mid  gut  regioD  of  an  Acanthias  embryo 
13  mm.  long  (H.E.C.  226).  X  40.  LMp.p.,  lateral  hepatic  pouch;  M.f.,  mid 
gut;  M.hep.p.,  median  hepatic  pouch;  S.v.,  Binua  venosua;  V.omph.l.,  left  omphalo- 
meeenteric  vein;  V.ompk.r.,  right  ompkalo-mesenteric  vein;  V.svbint.,  suhintea- 


hepatic  pouch  or  left  hepatic  duct  anteriorly  and  laterally.  This 
process  is  shown  in  an  early  stage  by  figure  17.  At  the  same  time 
the  vessel  upon  encountering  the  left  s^ment  of  the  anterior  and 
expanded  part  of  the  median  hepatic  pouch  breaks  up  into  seveial 
trunks  which  pass  below  and  above  the  obstruction.  One  of 
the  larger  trunks  passes  through  the  dorsal  part  of  the  vertical 
cleft  between  the  right  and  left  anterior  tubule  groups  or  hepatic 


Digitized  by  Google 


366  RICHARD   E.    SCAMMON 

rami  and  gradually  enlarging  this  space  presses  the  tubules  apart 
until  it  forms  one  of  the  larger  channels  of  the  vein. 

The  right  omphalo-mesenteric  vein,  after  estabUshing  its  pos- 
terior connection  with  the  subintestinal  vein,  which  it  does  when 
the  embryo  reaches  a  length  of  about  10  mm.,  grows  rapidly, 
although  it  never  equals  in  size  that  of  the  opposite  side,  and  does 


Fig.  18  Tranavcrac  Beetion  of  an  Acanthias  embryo,  15.5  mm.  long  (S.C.  1). 
X  100.  D.cyat.,  cystic  duct.  GM.,  gall  bladder;  P.ditcl.mtd.,  pars  ductua  medi- 
ans; R.he^.p.,  right  hepatic  pouch;  S.,  siDusoids  of  right  omphalo-mcscnterir 
vein; Si. .stomach;  V.omph.l.,  left omphalo-meaenteric vein. 

not  affect  the  position  of  the  biUary  apparatus  to  any  great  degree. 
At  first  the  right  and  left  omphalo-mesenteric  veins  pass  forward 
to  meet  in  front  of  the  anterior  portion  of  the  median  hepatic 
po'uch  but  in  later  stages  the  vessels  become  confluent  behind 
and  below  the  anterior  part  of  the  median  hepatic  pouch  or  its 
derivative,  thus  forming  a  large  sinus  which  increases  the  effect 
already  begun  by  the  left  vitelline  \'ein,  viz.,  shifting  the  common 
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bile  duct  and  cystic  duct  to  the  right  and  the  left  hepatic  forward 
and  laterally.  This  condition  is  shown  by  a  frontal  section  of  a 
much  older  embryo  in  figure  19. 


Fig.  10  Frontal  section  of  an  Acanthiaa  embryo  41  mm.  long  (H.E.C.  371). 
X  40.  D.chol.,  ductus  choledocbus;  D.cyst.,  cystic  duct;  D.hep.r.,  right  hepatic 
duct;  Int.y.s.,  internal  yolk  sac;  Pane,  pancreas;  St.,  stomach;  V.int.,  valvular 
intestiDe;  V.omph.l.,  left  nmphalo-mesentcric  vein. 

An  embryo  20.5  mm.  in  length  shows  sufficient  differentiation 
of  the  embryonic  hepatic  structures  to  permit  the  introduction 
of  the  adult  terminologj'  in  describing  them.  As  will  be  seen  from 
a  cross  section  through  the  anterior  end  of  the  gall  bladder  of  a 
specimen  of  nearly  the  same  stage  (fig.  20),  both  lateral  and  me- 
dian pouches  are  reduced  in  diameter  and  the  tubule  groups,  in 


Digitized  by  Google 


RICHARD   E.   SCAMMON 


part  at  any  rate,  are  connected  with  the  latter  by  short  duets. 
A  reconstruction  of  the  biliary  apparatus  of  this  stage  is  shown  in 
figures  47,  48  and  49. 


Fig.  20  Tnmsverae  eeetion  of  an  Acanthias  embryo  19  mm.  long  (S,C.  2).  X 
100.  D.cyst.,  cystic  duct;  GM.,  gall  bladder;  L.kep.p.,  lateral  hepatic  pouch; 
P.duct.med.,  pars  ductus  mediana. 

The  pars  ductus  mediana,  or  as  the  structure  may  now  be 
termed,  the  terminal  part  of  the  ductus  choledochus,  is  tubular  in 
form.  The  pars  hepatica  mediana  is  reduced  in  size  antero- 
posteriorly  and  expanded  laterally.  The  vertical  cleft  dividing 
it  into  right  and  left  parts  lies  lateral  to  the  left  wall  of  pars  duc- 
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tu8  and  is  accentuated  by  the  two  short  ducts  which  arise  on  either 
side  of  it.  These  ducts  are  the  right  and  left  medial  hepatic 
'  rami  and  are  the  derivatives  of  the  right  medial  and  left  medial 
tubule  groups  respectively.  As  yet  they  are  very  short  and  large 
calibered  and  break  up  almost  immediately  into  a  number  of 
hepatic  tubules.  Two  tubules  arising  immediately  ventral  to 
the  left  medial  ramus  probably  represent  the  remains  of  the  ante- 
rior left  tubule  group  whose  fusion  with  the  left  medial  group  has 
been  described.  Three  additional  tubules  of  large  caliber  arise 
from  the  anterior  and  ventral  surface  of  the  pars  hepatiea  mediana. 
They  may  be  derived  from  the  right  or  left  medial  group  but 
probably  have  arisen  direct  from  the  pouch  wall  after  the  main 
tubule  groups  were  established. 

The  left  hepatic  pouch  or  duct  as  we  may  now  term  the  struc- 
ture, takes  origin  entirely  from  the  lateral  part  of  the  posterior 
surface  of  the  pars  hepatiea  mediana,  having  been  entirely  sepa^ 
rated  from  the  pars  ductus  mesially.  Thus  it  is  already  evident 
that  the  adult  hepatic  duct  upon  this  side  is  made  up  of  two  ele- 
ments, a  proximal  and  transverse  part  derived  from  the  left  part 
of  the  pars  hepatiea  mediana  and  a  distal  and  longitudinal  part 
formed  from  the  left  lateral  pouch  proper.  On  the  opposite 
side  the  pouch  or  duct  arises,  as  in  preceding  stages,  from  the 
lateral  surface  of  the  pars  ductus  or  conunon  bile  duct.  A  dis- 
tinct groove  separates  the  anterior  boundary  of  the  right  duct 
from  the  pars  hepatiea  mediana.  Also  as  in  earlier  stages  the 
left  duct  is  widely  separated  from  the  pars  ductus  while  the  r^ht 
duct  lies  quite  close  to  its  opposite  side.  The  condition  of  the 
anterior  left  tubule  group  has  already  been  described  and  on  the 
right  side  the  anterior  group  is  connected  with  the  main  hepatic 
duct  by  a  distinct  neck,  the  anterior  right  hepatic  ramus,  which  is 
directed  dorsally.  On  the  left  side  the  dorsal  posterior  cluster  or 
ramus  is  no  farther  developed  than  before,  but  the  ventral  cluster 
possesses  a  short  duct  which  extends  posteriorly  and  bifurcates 
into  upper  and  lower  branches.  On  the  right  side  the  dorsal  pos- 
terior cluster  is  represented  by  two  ducts,  the  upper  one  being 
particularly  prominent  and  directed  posteriorly.  The  posterior 
ventral  cluster  arises  from  a  very  short  broad  diverticulum  of  the 
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pouch  and  breaks  up  into  five  large  tubules,  the  largest  of  which  is 
directed  posteriorly. 

In  an  embryo  of  20.6  mm.  (H.E.C.  1494,  No.  28,. Normal" 
plate  series)  the  hepatic  ducts  are  so  completely  formed  that 
their  origin  from  pouches  and  tuhule  groups  would  hardly  be 
surmised  from  the  reconstruction  of  them  seen  in  figure  50.  The 
pars  ductus  mediana  is  not  separable  from  the  more  posterior 
part  of  the  ductus  choledochus  and  the  left  part  of  the  pars  he- 
patica  mediana  and  the  left  lateral  pouch  form  together  one  duct, 
the  left  hepatic,  which  arises  from  the  lateral  surface  of  the  ductus 
choledochus  and  curves  first  laterally  and  then  backward.  The 
distinct  ai^le  between  the  transverse  and  longitudinal  parts  of 
the  duct  is  the  point  of  union  of  the  two  elements  which  form  it. 
The  right  medial  hepatic  ramus  arises  at  the  union  of  the  left 
hepatic  duct  with  the  ductus  choledochus.  Immediately  to  the 
left  of  this  is  a  smooth  narrow  segment  of  the  left  hepatic  duct 
which  lies  between  two  branches  of  the  left  vitelline  vein.  To  the 
left  of  this  segment  lies  a  dorsal  duct,  the  left  medial  ramus, 
and  below  and  lateral  to  it  is  the  anterior  left  ramus.  These 
represent  the  anterior  left  and  left  medial  tubule  clusters  respec- 
tively. The  small  tubules  which  are  seen  in  the  anterior  view  of 
the  model  arising  between  these  two  ducts  are  probably  derived  in 
part  from  both  tubule  groups  which,  it  will  be  remembered,  were 
somewhat  fused  in  earlier  stages. 

The  right  hepatic  duct  is  much  shorter  than  the  left.  It  takes 
origin  from  the  anterior  end  of  the  ductus  choledochus  and  curves 
backward  at  once.  A  very  large  dorsal  ramus  arises  from  its 
upper  surface  just  distal  to  its  connection  with  the  ductus  chole- 
dochus. This  is  the  anterior  right  hepatic  ramus  and  corresponds 
to  the  tubule  group  of  the  same  name  in  younger  embryos.  Aside 
from  this  and  one  small  tubule  arising  from  the  anterior  surface, 
the  proximal  part  of  the  right  hepatic  duct  is  smooth.  Near  its 
distal  end  it  gives  off  several  minor  tubules.  The  dorsal  ones 
represent  the  dorsal  posterior  tubule  cluster  while  the  ventral 
ones  are  derived  from  the  ventral  posterior  tubule  cluster  as  is 
also  the  most  distal  part  of  the  duct  itself.  By  this  stage  all  the 
minor  hepatic  rami  are  established  and  no  new  tubules  arise  from 
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the  ducts  direct,  all  further  increase  in  hepatic  parenchyma  being 
due  to  growth  in  the  hepatic  trabeculae  proper. 

The  later  histories  of  the  major  and  minor  hepatic  ducts  can 
be  most  easily  undertaken  separately.  Up  to  the  stage  just  de- 
scribed the  gradual  shiftily  of  the  anterior  end  of  the  ductus 
choledochus  to  the  right  has  been  a  constant  feature.  This 
process  becomes  more  noticeable  with  the  distinct  differentiation 
of  the  hepatic  ducts  and  by  the  time  the  embryo  reaches  a  length 
of  from  25  to  28  mm.,  the  anterior  end  of  the  duct  may  be  so  ro- 
tated that  the  original  anterior  surface  faces  the  right  and  the 
left  surface  appears  as  the  anterior  one.  The  rotation  though 
always  present  is  not  always  so  extreme  as  this  type  which  is 
shown  in  figures  51  and  52.  This  process  is  brought  about  by  a 
distinct  enlargement  of  the  sinus  formed  by  the  omphalo-raesen- 
teric  veins  which  lies  below  and  to  the  right  of  the  ductus  chole- 
dochus. The  rapid  growth  of  this  sinus  is  in  turn  due  to  changes 
in  the  hepatic  trabeculae.  Until  the  embryo  reaches  the  length 
of  from  25  to  28  mm.  the  trabeculae  form  a  wide  meshed  network 
and  the  blood  is  able  to  flow  around  them  through  sinusoids  of 
.  large  caliber.  From  this  stage  on  however  the  trabeculae  in- 
crease rapidly  in  size  and  the  surrounding  sinusoids  are  reduced 
to  extremely  small  vascular  channels.*  The  blood  is  thus  directed 
in  a  large  part  into  the  omphalo-mesenteric  veins  and  their  caliber 
is  considerably  increased. 

The  main  hepatic  ducts  are  markedly  influenced  by  this  rota- 
tion. The  left  one  is  carried  forward  until  almost  its  entire 
length  lies  in  the  transverse  plane  of  the  embryo  and  only  the  dis- 
tal end  with  the  tubules  arising  from  it  project  backward  while 
the  right  hepatic  duct  extends  directly  backward  with  little  or  no 
lateral  course  (flgs.  21,  51,  52  and  54).  Soon  after  the  rotation 
of  the  anterior  end  of  the  ductus  choledochus  takes  place  the 
cystic  duct,  which  imtil  this  time  has  joined  with  the  ductus  chole- 
dochus from  below,  is  carried  forward  and  upward  along  with  the 
gall  bladder  until  it  joins  with  the  anterior  surface  of  the  ductus 
choledochus  and  appears  at  flrst  sight  as  an  anterior  extension  of 

*  This  fact  has  already  been  recogniied  and  recorded  by  MiDot  ('00). 
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that  structure.  This  process,  illustrated  in  figures  22,  23,  24, 
25  and  54,  is  brought  about  in  part  at  least  by  the  growth  of  the 
internal  yolk  sac  and  is  discussed  in  more  detail  in  the  section 
upon  the  development  of  the  gall  bladder.  A  distinct  forward 
arch  appears  in  the  proximal  portion  of  the  main  hepatic  ducts 
80  that  instead  of  entering  the  ductus  choledochus  at  right  angles 
to  its  longitudinal  axis  as  in  younger  stage,  they  extend  backward 
on  either  side  of  it  for  a  short  distance  and  then  join  with  it  very 
obliquely.  This  arch  may  be  partially  brought  about  by  the 
hepatic  ducts  being  forced  forward  by  the  same  agency  as  that 
influencing  the  cystic  apparatus  at  this  time  but  probably  it  is 
also  due  in  part  to  the  actual  shiftily  backward  of  the  ostia  of  the 
hepatic  ducts  along  the  ductus  choledochus. 

Up  to  the  stage  represented  by  the  embryo  of  20.6  nun.,  the 
hepatic  ducts  were  described  with  little  difficulty  for  they  pursue 
much  the  same,  course  in  all  the  specimens  which  were  examined. 
However,  the  reduction  in  size  of  the  distal  end  of  the  ductus 
choledochus  and  the  shiftings  which  it  and  the  hepatic  ducts 
undergo  modify  considerably  the  position  of  some  of  the  minor 
ducts  and  to  varying  degrees  in  different  specimens.  This  applies 
particularly  to  the  anterior  left  and  right  lateral  rami  and  the 
left  and  right  medial  rami.  The  posterior  dorsal  rami  remain 
fau-ly  constant  in  position  at  the  junctxu^  of  the  transverse  and 
posterior  parts  of  their  respective  trunks,  and  the  posterior  ven- 
tral rami,  while  giving  rise  to  new  short  minor  sprouts  in  their 
course,  seem  fairly  regular. 

Of  the  several  types  observed  in  embryos  and  specimens  of 
the  pup  stage,  the  commonest  and  simplest  one  is  that  in  which 
rotation  of  the  ductus  choledochus  is  present  but  not  extreme 
vxd  in  which  the  embryonic  arrangement  of  the  rami  is  to  a 
large  extent  retained.  This  form  is  illustrated  by  the  graphic 
reconstruction  of  two  embryos,  one  28  mm.  and  one  41  mm.  in 
length  illustrated  in  figures  21  and  22. 

The  variants  from  this  type  so  far  as  observed  have  been  such 
as  might  be  expected  from  farther  rotation  of  the  anterior  part 
of  the  ductus  choledochus.  If  this  process  is  extreme  all  those 
rami  which  arise  from  the  anterior  surface  of  the  pars  hepatiCa 
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Fig.  21  Graphic  reconstruction  (doreal  view)  of  the  g&ll  bladder  and  liver  ducta 
of  an  embryo  28  mm.  long  (H.E.C.  221).     X  20.    For  abbreviations,  see  6gure  22. 

Fig.  22  Graphic  reconstruction  (dorsal  view)  of  the  gall  bladder  and  liver 
ducUof  anembryo41  mm.  long  (H.E.C.  371).  X  20.  i).eAoI,,ductu8CholedochuB; 
D.cyst.,  cyatic  duct;  D.hep.l.,  left  hepatic  duct;  D.hep.r.,  right  hepatic  duct;  GM., 
gall  bladder;  R.a.l.,  anterior  left  hepatic  ramua;  R.a,r.,  anterior  right  hepatic 
ramu^  R.l.m.,  left  medial  hepatic  ramus;  R.r.m:,  right  medial  hepatic  ramus; 
R-V-i.,  posterior  left  hepatic  ramus;  R.p.r.,  posterior  right  hepatic  ramus. 

Fig.  23  Graphic  reconstruction  (dorsal  view)  of  the  gall  bladder  and  liver  ducts 
of  an  embryo  18  cm.  in  length.     X  10.     For  abbreviations,  see  figure  22. 

Fig.  24  Graphic  reconstruction  (dorsal  view)  of  the  gall  bladder  and  liver 
duetaof  an  embryo  flO  mm.  in  length  (H.E.C.  409).  X  20.  For  abbreviations,  see 
6guTe  22. 

Fig.  25    Graphic  reconstruction  (dorsal  view)  of  the  gall  bladder  and  liver  ducts 
of  an  embryo  86  mm.  in  length  (H.E.C.  410).     X  20.     Only  the  proximal  part  of 
the  hepatic  ducts  are  represented.    For  abbreviations,  see  figure  22. 
373 
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mediana  and  apparently  even  the  anterior  left  ramus  may  be 
carried  dextrally  until  they  ■  face  the  right.  Apparently  also 
any  intermediate  step  between  this  extreme  and  the  embryonic 
type  described  above  may  exist.  When  rotation  first  takes  place 
'  and  before  the  cystic  duct  begins  to  shift  upward  and  forward 
the  ostia  of  the  minor  anterior  ducts  remain  quite  close  to  that 
of  the  main  left  hepatic  duct.  With  this  change  however  the 
curve  formed  by  the  extreme  anterior  part  of  the  ductus  choledo- 
chus  and  the  cystic  duct  is  gradually  obliterated  so  that  the  two 
ducts  come  to  form  together  a  slender  tube  which  extends  antero- 
posterioriy  in  frontal  plane,  and  the  ostia  of  the  rami  which  for- 
merly were  on  the  anterior  surface  of  this  curve  come  to  lie  on  one 
side  or  the  other  of  duct  and  are  separated  by  its  dorsal  surface. 
Figures  51  and  ^2  are  of  a  reconstruction  of  the  biUary  apparatus 
at  a  stage  immediately  after  a  distinct  dextral  rotation  of  the  duc- 
tus choledochus  has  taken  place  and  before  the  dorso-anterior 
migration  of  the  cystic  duct  and  gall  bladder  is  very  noticeable. 
Had  this  specimen  continued  its  growth,  if  one  may  judge  from 
reconstructions  of  later  embryos,  the  cystic  duct  would  probably 
be  carried  forward  and  upwards  in  such  a  way  that  it  would  inter- 
vene between  the  left  medial  ramus  and  the  left  main  hepatic 
duct  in  such  a  way  that  it  would  receive  the  opening  of  the  former 
on  the  right  hand  side  and  the  latter  on  the  left.  Figures  53  and 
54  of  an  embryo  33.1  mm.  in  length  shows  a  somewhat  later  stage 
in  which  the  cystic  duct  is  being  forced  forward  and  the  right 
medial  ramus  which  formerly  lay  almost  in  the  median  Une  is 
being  carried  over  to  the  right  side  of  the  duct. 

Some  reconstructions  which  illustrate  the  results  brought  about 
by  the  above  processes  may  be  illustrated  here  as  they  also  show 
the  changes  which  take  place  in  the  major  ducts  and  gall  bladder 
in  the  later  periods  of  embryonic  development. 

Figure  23  of  a  very  late  embryo  18  cm.  in  length  shows  a  vari- 
ant in  which  the  left  medial  ramus  has  remained  attached  to 
the  main  left  hepatic  duct  but  in  which  the  right  medial  ramus 
arises  from  the  ductus  choledochus.  Except  for  this  change,  the 
rami  have  remained  in  their  early  embryonic  position.     Figure 
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24  of  an  embryo  60  mm.  in  length  shows  a  specimen  in  which  the 
rotation  of  the  ductus  choledochus  to  the  r^ht  must  have  been 
very  great  indeed  for  it  still  shows  an  almost  right  angled  curve 
in  that  direction  at  this  late  stage  and  the  right  medial,  the  left 
medial,  and  the  anterior  left  rami  all  arise  from  it  between  the 
ostia  of  the  cystic  and  left  hepatic  and  the  right  hepatic  duct. 
The  figure  of  an  embryo  of  86  mm.  (fig.  25)  shows  the  most 
extreme  case  of  the  series  in  which  both  the  left  and  the  right 
anterior  rami  arise  from  the  right  hepatic  duct,  the  latter  almost  at 
its  ostium.  I  can  only  explain  this  case  on  the  supposition  that 
the  posteriorly  directed  proximal  segment  of  each  the  right  and 
left  main  hepatic  ducts  is  derived  in  part  by  a  spUtting  off  from 
the  ductus  choledochus  and  that  the  left  medial  ramus  originally 
connected  with  an  area  of  the  right  side  of  the  ductus  choledochus 
which  was  later  incorporated  in  the  distal  end  of  the  right  lateral, 
hepatic  duct. 

That  other  variations  in  the  arrangement  of  these  hepatic  rami 
may  occur  both  in  ranbryo  and  adult  is  very  probable,  but  it  is 
to  be  expected  that  they  will  all  be  of  the  same  general  type  as 
those  described  above,  viz.,  such  as  may  be  brought  about  by  the 
progression  of  their  ostia  from  left  to,right.  Besides  the  variation 
in  position  of  ostia,  there  are  also  noticeable  ones  in  the  size  of  the 
various  elements.  This  seems  to  be  compensatory  in  that  the  re- 
duction in  extent  of  any  element  is  accompanied  by  an  increase  in  . 
size  and  complexity  of  its  neighbors.  Occasionally  one  element 
may  be  replaced  by  two  or  more  smaller  ones  and  minor  rami  are 
commonly  found  irregularly  placed  in  regard  to  the  lai^er  ones. 
These  minor  sprouts  as  already  stated  arise  either  from  tubules 
intermediate  in  position  to  the  main  tubule  groups  or  from  such 
tubules  as  arise  after  these  groups  are  somewhat  separated  from 
the  main  ducts  by  pedicles.  A  scheme  of  the  origin  of  the  minor 
ducts  or  rami  will  be  found  in  the  general  summary  in  table  3. 
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III.  DEVELOPMENT  OP  THE  GALL  BLADDER  AND  CYSTIC  DUCT 

The  gall  bladder  has  been  described  in  the  first  section  of  this 
paper  as  arising  as  a  median  outpouching  of  the  anterior  wall 
of  the  yolk-stalk  immediately  below  the  point  where  that  struc- 
ture becomes  continuous  with  the  floor  of  the  fore  gut.  The  ven- 
tral zone  of  the  lateral  walls  and  the  floor  of  this  part  of  the  gut 
at  this  early  stage  are  a  part  of  the  hepatic  area  and  that  part  of 
the  anterior  wall  of  the  yolk-stalk  from  which  the  gall  bladder 
arises  is  later  incorporated  in  the  gut  behind  the  liver  as  the  yolk- 
stalk  becomes  constricted  antero-posteriorly.  The  timfe  of  appear- 
ance of  the  anlage  of  the  gall  bladder  is  somewhat  later  than  that 
of  the  liver  as  has  been  noted  by  Laguesse  ('93}  and  Debeyra 
('09).  It  seems  possible,  from  these  observations,  to  regard  the 
gall  bladder  in  this  form  as  derived  from  a  secondary  pouch 
which  is  formed  in  the  floor  of  the  archenteron  immediately  behind 
tlie  liver  pouch  proper.  If  this  interpretation  be  correct,  an  ante- 
rior shifting  of  the  gall  bladder  by  which  its  opening  reaches  its 
later  position  at  the  anterior  end  of  the  ductus  cboledochus  in 
front  of  the  openings  of  the  hepatic  ducts  is  to  be  expected.  Evi- 
dences of  such  a  shifting  are  not  wanting.  The  early  demarkation 
of  the  gall  bladder  has  already  been  described  in  the  preceding 
section,  and  has  been  seen  to  consist  of  the  formation  of  dorsal 
longitudinal  grooves  and  a  posterior  and  ventral  vertical  one 
■  by  which  the  gall  bladder  is  cut  off  from  the  anterior  wall  of  the 
yolk-stalk  behind  and  remains  attached  to  the  hver  pouch  above 
by  a  transversely  constricted  neck  which  extends  along  its  entire 
dorsal  surface.  The  anterior  end  of  this  neck  is  less  constricted 
and  represents  the  cystic  duct.  These  changes  are  illustrated  in 
figures  33,  35  and  37,  and  are  also  shown  in  B  of  figure  26  below. 
These  changes  are  even  more  marked  in  an  embryo  of  10  mm. 
illustrated  in  figures  39  and  40,  and  in  C  of  figure  26.  Along 
with  them  is  a  considerable  lateral  expansion  of  the  gall  bladder 
and  a  curious  growth  of  its  anterior  wall  which  produces  a  pointed 
process  which  projects  forward  below  the  ventral  wall  of  the  me- 
dian hepatic  pouch.  The  gall  bladder  in  this  and  the  precedii^ 
stages  which  follow  its  separation  from  the  anterior  wall  of  the 
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yolk-stalk  behind  lies  a  little  to  the  left  of  the  median  line.  This 
asymmetric  position  has  already  been  discussed  in  Part  I.  It  is 
associated  with  the  rotation  of  the  gut  in  connection  with  the 
formation  of  the  spiral  valve. 

When  the  liver  reaches  the  stage  represented  in  figures  41 
and  42,  of  an  embryo  of  15  mm.,  the  gall  bladder  is  so  far  sepa- 
rated from  it  as  to  form  a  thick  walled  ovoid  sac,  the  posterior 
half  of  which  is  rounded  and  free  and  the  anterior  end  drawn 
out  into  a  cone  shaped  projection.     It  is  still  broadly  attached 


Fig.  2S  A  Beriea  of  Bemi-acbematic  figuresof  the  development  of  thegalt  bladder 
and  cystic  duct..  A,  embryo  of  7  mm. ;  fl,  embryo  of  7.5  mm. ;  C,  wnbryo  of  10mm. ; 
D,  Embryo  of  15.6  mm. ;  E,  embryo  of  19  mm. ;  F,  embryo  of  20.S  mm. ;  G,  embryo 
of  33.1  mm.  All  from  plastic  reconstructions  with  the  exception  of  A,  which 
is  based  upon  Ion gi -sections.  D.choL,  ductus  choledochus;  D.cyU.,  cj^tic  duct; 
D.kep.,  hepatic  duct;  6M.,  gall  bladder;  Bep.d.,  hepatic  diverticulum, 

to  the  median  liver  pouch  above.  The  posterior  end  extends 
downward  so  that  the  long  axis  of  the  sac  is  no  longer  parallel 
with  that  of  the  median  liver  pouch  above  it. 

The  gall  bladder  in  an  embryo  of  15.5  mm.  (figs.  45  and  46  and 
D,  fig.  26}  is  smaller  relatively,  and  the  connection  between  it 
and  the  Uver  above  is  drawn  out  into  a  short  broad  stalk,  the 
cystic  duct.  The  pointed  anterior  extremity  is  less  noticeable 
than  in  the  two  preceding  specimens  and  from  this  time  on  no 
evidences  are  seen  of  it.     In  this  specimen,  also,  the  gall  bladder 
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ticB  to  the  left  of  the  median  line  and  the  cystic  duct  is  inclined 
to  the  r^ht  as  well  as  upward  to  meet  the  median  hepatic  pouch  or 
ductus  choledochus. 

At  19  mm.,  the  gall  bladder  is  widely  separated  from  the  ductus 
choledochus  and  inclined  at  a  distinct  ai^e  to  it.  The  cystic 
duct  is  decidedly  eloi^ated  and  extends  upward  to  the  right  and 
decidedly  forward  to  meet  the  ductiis  choledochus.  This  elonga- 
tion is  due  in  part  to  the  increase  in  size  of  the  left  omphalo- 
mesenteric vein,  which  lies  in  this  region  between  the  gall  bladder 
below  and  the  ductus  choledochus  above,  and  perhaps  also  in 
part  to  the  great  growth  of  the  hepatic  trabeculae  which  takes 
place  at  this  time.  Probably  the  increased  length  of  the  duct  is 
derived  in  part  at  least  from  the  lower  part  of  the  ductus  chole- 
dochus from  which  the  anterior  end  of  the  cystic  duct  seems  to 
be  separating.  This  separation  is  peculiar  in  that  it  takes  place 
mesially  more  rapidly  than  laterally,  thus  forming  a  distinct 
pocket  which  is  bounded  below  by  the  cystic  diict,  above  by  the 
floor  of  the  ductus  choledochus  and  laterally  by  the  sides  of  these 
structures  which  are  still  confluent.  This  formation  is  only 
temporary. 

.\t  20.6  mm.  (fig.  50,  and  fig.  26,  F)  the  cystic  duct  is  still 
more  elongated  and  joins  the  floor  of  the  ductus  choledochus 
nearly  at  right  angles  to  it.  The  gall  bladder  is  shifted  downward 
until  its  long  axis  is  almost  in  the  vertical  plane  of  the  embryo 
and  at  right  angles  to  the  ductus  choledochus.  It  is  drawn  out 
until  the  sac  appears  as  little  more  than  the  expanded  end  of  the 
cystic  duct. 

The  shifting  of  the  ductus  choledochus  and  the  rotation  of  its 
anterior  end,  described  on  page  371,  now  takes  place,  and  the 
cystic  duct  and  a  part  of  the  gall  bladder  share  in  this  displace- 
ment. The  posterior  half  of  the  gall  bladder  remains  almost 
in  the  position  occupied  in  the  preceding  stage  or  is  shifted  a 
little  dorsally,  while  the  anterior  half  and  the  cystic  duct  form 
together  an  abruptly  curved  tube  which  extends  to  the  right  and 
dorsally.  In  this  way  there  is  formed  a  distinct  flexure  in  the 
middle  pftrt  of  the  gall  bladder.  This  is  illustrated  by  an  embryo 
28  mm.  in  length  (figs,  ol  and  52). 
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Fig.  27  Frontul  aectioD  of  an  Acanthiaa  embryo  86  mm.  long  {H.E.C.  410). 
X  40.  D.chol.,  ductus  choledochus;  G.bl.,  gall  bladder;  Pane.,  paDcreas;  St., 
Btoraach;  V.omph.L,  left  omphalo-TOesenteric  vein. 

Along  with  the  changes  described  above  comes  a  very  extensive 
alteration  in  both  the  form  and  position  of  the  cystic  apparatus 
which  is  apparently  produced  by  the  development  of  the  internal 
yolk  sac.  This  structure  begins  to  develop  from  the  vitelline 
duct  just  internal  to  the  ventral  body  wall  in  embryos  from 
25  to  30  nmi.  in  length.  An  early  stage  is  seen  in  section  in  figure 
17.  It  grows  rapidly  and  its  anterior  end  pushes  forward  be- 
tween and  below  the  stomach  and  left  and  cystic  lobes  of  the 
liver  on  one  side  and  the  right  lobe  of  the  liver  on  the  other.  The 
frontal  section  shown  in  figure  27  illustrates  its  size  and  relations 
in  an  embryo  60  mm.  in  length. 
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In  this  way  the  yolk  sac  presses  upon  the  right  side  and  lower 
surface  of  the  gall  bladder.  The  first  effect  of  this  pressure  is  to 
force  the  posterior  part  of  the  gall  bladder  upward  so  that  this 
structure  retraces  in  part  the  path  of  downward  extension  which 
it  followed  in  earlier  stages  (figs.  22,  23,  24,  25  and  26  G).  At 
the  same  time  the  gall  bladdei'  is  elongated  and  somewhat  flat- 
tened vertically  and  its  anterior  end  is  pushed  upward  and  for- 
ward. At  first  this  only  causes  an  abrupt  curve  in  the  cystic 
duct  (fig.  54),  but  as  this  process  is  continued  the  gall  bladder  is 
finally  forced  anteriorly  and  dorsally  beyond  the  distal  end  of  the 
ductus  choledochus  and  the  cystic  duct  proceeds  backwards  over 
its  dorsal  surface  to  join  that  structure.  In  this  way  the  ostium 
of  the  cystic  duct  which  was  originally  in  the  floor  of  the  ductus 
choledochus  is  rotated  to  its  anterior  surface  and  the  two  ducts 
together  form  one  continuous  tube  sometimes  called  the  ductus 
cystocholedochus,  the  juncture  of  the  two  elements  of  which  is 
at  the  ostia  of  the  hepatic  ducts.  This  is  also  illustrated  in  figures 
22,  23,  24,  25  and  26  G. 

IV.  DEVELOPMENT  OF  THE  DUCTUS  CHOLEDOCHUS 

The  development  of  the  ductus  choledochus  is  better  known 
than  that  of  any  other  part  of  the  biliary  apparatus  in  elasmo- 
branchs.  For  our  information  in  regard  to  the  earlier  stages 
we  mainly  have  to  thank  Hanamar  ('93),  Brachet  ('96),  Mayr 
('97)  and  Choronschitzky  ('00)  while  the  later  stages  have  been 
most  successfully  studied  in  connection  with  the  development  of 
the  spiral  valve  by  means  of  the  reconstruction  method  by 
Euckert  ('96,  '97). 

The  development  of  this  structure  in  Acanthias  has  been  to 
some  extent  described  incidentally  in  connection  with  the  accoimt 
of  the  early  stages  of  the  liver  and  of  the  hepatic  and  cystic  ducts 
and  gall  bladder  in  this  paper  so  that  only  a  short  summary  need 
be  given  here. 

In  Acanthias,  the  ductus  choledochus  when  fully  formed  is  a 
complex  consisting  of  three  embryonic  elements:  (1)  a  proximal 
or  posterior  segment  derived  from  the  floor  of  the  duodeniun  and 
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valvular  intestine;  (2)  a  middle  segment  formed  from  the  'pars 
ductus  lateralis'  of  the  primitive  lateral  hepatic  diverticula; 
(3)  a  distal  and  anterior  segment  which  is  differentiated  from  the 
posterior  portion  or  'pars  ductus  mediana'  of  the  secondary  me- 
dian hepatic  pouch.  Thus  the  middle  and  distal  portions  of  the 
duct  are  both  derived  from  the  primitive  lateral  diverticula, 
at  a  very  early  stage  and  are  truly  hepatic  in  origin  while  the 
proximal  or  posterior  part  is  formed  from  the  archenteron  at  a 
much  later  stage  after  the  duodenum  and  valvular  intestine.  In 
the  fully  formed  fish  the  latter  segment  forms  by  far  the  greater 
part  of  the  duct  being  represented  by  practically  all  the  ^ctra 
hepatic  portion. 

The  differentiation  of  the  posterior  part  of  the  lateral  hepatic 
diverticula  into  the  pars  ductus  lateralis  has  already  been  de- 
scribed in  Fart  I,  as  well  as  the  early  demarkation  of  the  pars 
ductus  mediana  from  the  median  hepatic  pouch.  At  10  mm.  the 
pars  ductus  lateralis  forms  the  slightly  expanded  ventral  half 
of  the  rather  constricted  segment  of  archenteron  which  connects 
the  median  hepatic  pouch  and  the  gut  above  it  with  the  yolk- 
stalk  and  mid  gut  posteriorly  (figs.  39  and  40).  The  pars  ductus 
lateralis  is  thus  continuous  anteriorly  and  below  with  the  gall 
bladder  and  median  pouch  and  above  with  the  dorsal  part  of  this 
stalk  which  later  forms  the  duodenimi.  On  the  dorsal  surface 
of  the  median  pouch  (fig.  28)  is  an  oblique  ridge  which  extends 
from  its  left  anterior  to  right  posterior  ai^e  and  maps  off  the 
area  of  this  structure  which  later  becomes  the  distal  part  of  the 
ductus  choledochus.  At  15  mm.  (figs.  41  and  42)  both  the 
median  hepatic  pouch  and  the  pars  ductus  lateralis  behind  it  are 
completely  cut  off  from  the  gut  above.  The  latter  now  forms  a 
short  wide  duct  about  0.1  mm.  in  lei^h  which  extends  back- 
ward a  little  obliquely  from  left  to  right  and  joins  with  the  floor 
of  the  gut  a  little  to  the  right  of  the  median  line.  In  cross  section 
the  duct  is  equal  in  diameter  to  that  segment  of  gut,  the  duode- 
num, with  which  it  joins  and  is  triai^ular  in  outline  with  the 
apex  of  the  triangle  directed  upward.  It  thus  shows  a  trace  of 
the  pouch-like  structure  from  which  it  arises  but  at  a  little  later 
st^e  it  becomes  circular  or  oval  in  cross  section.    The  pars  duc- 
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tus  mediana  is  stiil  sac-like  and  like  the  duct  behind  it  is  incUned 
a  little  from  left  to  right. 

In  15.5  to  18  mm.  embryos  the  part  of  the  duct  derived  from  the 
pars  lateralis  is  nearly  twice  as  long  as  in  the  above  specimen 
(figs.  45  and  46)  and  extends  directly  backward  joining  the  pos- 
terior end  of  the  duodenum  in  the  median  line.  Its  diameter  is 
about  0.1  mm.,  being  distinctly  less  than  that  of  the  earUer  stage 
and  about  one^half  that  of  the  gut  which  it  joins.  The  pars  duc- 
tus mediana  is  rapidly  taking  on  a  duct-like  form  although  this 
feature  is  somewhat  obscured  by  the  large  ducts  which  arise  from 
it. 


29 

Fig.  28  Dora&l  view  of  a  reconBtruction  of  an  Acanthias  embryo  10  mm.  long 
(8.C.  20).  X  30.  Lateral  and  anterior  views  of  this  model  are  ahown  in  figures 
38  and  39.  A,  anterior  part;  B,  posterior  part  of  ridge  marking  the  formation  of 
the  anterior  part  of  ductus  cholcdoohua  from  the  pars  ductus  medialis  of  the 
median  liver  pouch.  F.g.,  fore  gut;  L.hep.p.,  lateral  hepatic  pouches  which  are 
cut  away  dorsally;  Sp.v.,  spiral  valve;  Y.s.,  yolk  stalk. 

Fig.  29  Reconstruction  of  the  mid  gut  region  of  an  Acanthias  embryo  30,5 
mm.  long  (S.C.  5).  X  50.  Dito.,  duodenum;  D.ckol.,  ductus  choledochus; 
D.panc.,  pancreatic  duct;  D.vit.,  vitelline  duct;  V.int.,  valvular  intestine. 

In  the  Stages  which  now  follow,  as  is  shown  in  figures  51,  52 
and  54,  the  duct  rapidly  increases  in  length  due  to  the  elongation 
of  its  extra-hepatic  portion.  This  growth  seems  to  be  derived 
from  the  floor  of  the  digestive  tube  for  there  extends  in  the  floor 
of  the  gut  posterior  to  the  ostium  of  the  duct  a  deep  groove  which 
is  lined  with  epitheUum  of  the  same  nature  as  that  of  the  duct 
itself.  At  15.5  mm.,  the  duct  joins  the  gut  near  the  posterior  end 
of  the  duodenum.  At  20.5  mm.,  as  is  shown  in  figure  29,  this 
opening  lies  at  the  point  where  the  duodenum  becomes  continuous 
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with  the  valvular  intestine  in  the  angle  between  the  latter  struc- 
ture and  the  vitelline  duet.  The  duct  lies  below  and  to  the  right 
of  the  median  line  of  the  duodenum,  but  as  this  structure  is  con- 
tinuous only  with  the  left  side  of  the  valvular  intestine  (the  right 
side  of  which  is  continuous  with  the  vitelline  duct)  the  ductus 
choledochus  joins  the  valvular  intestine  directly  in  the  median 
line  of  the  gut. 

From  this  time  to  until  the  embryo  reaches  a  length  of  approxi- 
mately 25  mm.  the  duct  grows  steadily  backward  and  its  ostium 
remains  in  the  median  hne.  It  grows  past  the  opening  of  the 
viteUine  duct  passing  it  to  the  left  but  never  overtakes  the  ostium 
of  the  pancreatic  duct. 

When  the  embryo  reaches  the  length  of  about  25  mm.,  however, 
the  duct  becomes  involved  in  the  twisting  process  of  the  spiral 
valve  and  is  carried  to  the  left.  At  28  mm.  its  opening  is  in  the 
middle  of  the  right  side  of  the  valvular  intestine  and  at  37  to  48 
mm.  it  Ues  at  the  junction  of  the  superior  and  right  surfaces. 
In  embryos  60  to  80  mm.  loi^,  the  duct  enters  the  intestine  on  its 
dorsal  surface  at  the  edge  of  the  first  turn  of  the  spiral  valve,  and 
in  the  new-bom  fish  the  opening  lies  at  the  junction  of  the  left 
side  with  the  dorsal  surface  of  the  intestine.  These  changes  in 
position  as  well  as  the  comparative  diameter  of  the  duct  at  differ- 
ent stages  are  shown  in  table  2. 

Along  with  the  elongation  of  the  ductus  choledochus  come 
several  modifications  of  its  position  besides  the  posterior  shifting 
just  described.  The  intrahepatic  portion  is  affected  by  the  growth 
of  the  internal  yolk  sac  and  by  the  vascular  changes  already  dis- 
cussed in  connection  with  their  effect  upon  the  position  of  the 
hepatic  and  cystic  ducts.  This  part  of  ductus  choledochus  is 
first  arched  upward  in  a  stiff  almost  semi-circular  curve  by  the 
formation  of  a  venous  sinus  below  it  and  its  extreme  anterior 
end  is  rotated  to  the  right.  These  changes  are  shown  in  figures 
51,  52  and  54.  In  later  stages  and  in  the  new-born  fish  these 
changes  are  less  noticeable,  being  probably  compensated  by  the 
growth  of  the  hepatic  parenchyma,  but  in  the  new-bom  fish  as 
well  as  the  adult  the  distal  end  of  the  duct  lies  distinctly  to  right 
of  the  median  line.     As  the  duodenal  flexure  is  developed,  the 
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middle  part  of  the  duct  is  also  directed  sharply  ventrally  along 
with  the  change  in  position  of  the  segment  of  the  gut  which  it 
joins.  ■  This  ventral  curve  appears  in  embryos  of  18  to  20  mm. 
and  is  at  first  a  gradual  one  but  becomes  sharper  and  more  pro- 


Fig.  30  A  BerieB  of  trsnaveree  sections  of  Acanthiae  embryos  of  different  ttgee 
at  the  level  of  the  ostium  of  tlie  ductus  choledochus.  A,  embryo  15.5  mm.  long 
(S.C.  1) ;  B,  embryo  20.6  mm.  long  (H.E.C.  1494) ;  C,  embryo  32.2  mm.  long  {H.E.C. 
1662);  D,  embryo  180  mm.  long  (S.C.  51)  all  except  2)  X  28;  2)  X  8.  D.choL. 
ductua  choledochus;  D.ponc.,  pancreatic  duct;  D.vit.,  vitelline  duct;  Duo.,  duo- 
denum; Pane,  pancreas;  St.,  stomach. 

nounced  in  older  embryos.  In  the  course  of  this  curve  the  duct  is 
also  pushed  to  the  right  by  the' vitelline  vein  which  hes  beside  it. 
Minor  short  flexures  appear  in  later  stages  near  the  anterior  and 
posterior  ends  of  the  duct  and  in  its  duodenal  curve  as  well. 
They  are  not  constant  in  position,  shape  or  number.     The  duct 
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is  much  reduced  in  diameter  between  the  time  when  it  is  first 
formed  and  when  it  begins  it  growth  backward  along  the  base  of 
the  valvular  intestine.  After  this  phase  begins  there  is  but  little 
chaise  in  caliber.  In  the  intrahepatic  and  preduodenal  r^ons 
the  duct  is  circular  in  trans-section,  posteriorly  it  is  flattened 
transversely  until  elongately  oval  in  trans-section. 

Table  2  shows  numaically  the  growth  of  the  duct  and  the  chain- 
ing relations  of  its  ostium.  Some  error  is  doubtless  introduced  in 
the  calculation  of  the  lei^^  of  the  duct  from  cross  sections  as  is 
done  here,  but  Acanthias  embryos  of  18  mm.  and  over  shrink 
comparatively  little  in  imbedding  and  that  shrinkage  seems  to  be 
symmetrical  so  that  the  value  of  the  figures  is  not  seriously  im- 
paired. The  '^tra-hepatic  length'  is  taken  from  the  point  where 
the  duct  turns  sharply  downward  immediately  after  leaving  the 
liver  to  the  point  where  its  lumen  becomes  continuous  with  that 
of  the  gut.  It  is  not  possible  to  determine  this  point  exactly  in 
specimens  under  20  mm.  in  length  so  only  the  total  length  of  the 
duet  has  been  given  in  such  eases. 
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V.  GENERAL    SUMMARY 

The  observations  here  recorded  may  be  summarized  as  follows : 

1.  The  Uver  arises  in  Acanthias  embryos  of  from  20  to  25  seg- 
ments as  a  pair  of  shallow  lateral  diverticula  from  the  lateral  walls 
of  the -ventral  half  of  the  gut.  These  diverticula  extend  both 
behind  and  in  front  of  the  anterior  wall  of  the  yolk-stalk. 

2.  The  growth  of  the  fore  gut  posteriorly  through  the  coales- 
cence of  the  lateral  walls  of  the  yolk-stalk  causes  the  lateral  hepatic 
diverticula  to  lie  mainly  in  front  of  the  anterior  wall  of  the  yolk- 
stalk  in  later  stages. 

3.  The  median  ventral  liver  pouch  described  by  Balfour  and 
others  is,  in  Acanthias  at  least,  a  secondary  structure  produced 
by  the  fusion  of  the  anterior  ends  of  the  primary  lateral  diverticula. 

4.  Three  distinct  secondary  parts  are  derived  from  each  primi- 
tive lateral  hepatic  diverticulum.  The  anterior  portion  goes  to 
the  median  hepatic  pouch.  The  upper  part  of  the  middle  por- 
tion forms  the  lateral  hepatic  pouch.  The  posterior  part  goes 
to  form  a  posterior  connecting  segment  between  the  liver  and  gut. 
This  has  been  termed  the  pars  ductus  lateralis  and  later  becomes 
a  part  of  the  ductus  choledochus. 

5.  At  an  early  stage  the  liver  shares  in  the  left  to  right  rotation 
which  produces  the  spiral  valve  in  the  intestine  and  the  lateral 
vitelline  groove  in  the  yolk  stalk. 

6.  The  median  hepatic  pouch  is  somewhat  differentiated  into 
two  parts:  an  anterior  one,  the  pars  hepatica  mediana  to  which  the 
lateral  pouches  are  mainly  attached  and  which  gives  rise  to  hepatic 
trabeculae,  and  a  posterior  one,  the  pars  ductus  mediana,  which 
forms  the  anterior  part  of  the  ductus  choledochus. 

7.  The  anterior  part  of  the  left  hepatic  duct  is  formed  from  the 
left  hepatic  pouch  and  the  left  part  of  the  pars  hepatica  mediana. 
The  anterior  part  of  the  right  hepatic  duct  is  fonned  from  the 
right  hepatic  pouch  alone. 

8.  The  hepatic  ducts  and  ductus  choledochus  are  very  markedly 
rotated  to  the  right  about  a  vertical  axis  in  a  comparatively  late 
stage.  This  rotation  is  probably  due  to  the  great  growth  of  the 
left    omphalo-mesenteric   vein  and  the  formation  of  a  venous 
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sinus  below  and  to  the  left-  of  the  anterior  end  of  the  ductus 
choledochus. 

9.  The  difference  in  size  of  the  ri^t  and  left  omphalo-mesen- 
teric  veins  may  be  due  to  the  longitudinal  rotation  of  the  gut 
mentioned  in  section  5  of  this  summary.  By  this  rotation  the 
space  between  the  left  hepatic  pouch  and  the  median  pouch  and 
gut  is  somewhat  increased  while  the  corresponding  space  on  the 
opposite  side  is  decreased. 

10.  A  third  shifting  of  the  duct  system  and  the  gall  bladder 
forward  and  upward  occurs  at  a  much  later  stage.  It  is  probably 
brought  about  through  the  great  increase  in  size  of  the  internal 
yolk  sac. 

11.  The  minor  hepatic  ducts  arise  as  the  elongated  pedicles  of 
definitely  placed  groups  of  hepatic  tubules.  These  tubule  groups 
are  differentiated  at  the  time  when  the  liver  loses  its  dorsal  con- 
nection with  the  fore  gut. 

12.  The  variations  in  position  of  the  minor  hepatic  ducts  in 
the  adult  depend  upon  the  degree  of  shifting  of  these  tubule 
groups  at  the  time  when  the  main  hepatic  pouches  are  differentiated 
into  hepatic  ducts  and  when  the  rotations  mentioned  in  sections 
5  and  8  take  place. 

13.  The  gall  bladder  appears  much  later  than  do  the  primary 
lateral  hepatic  diverticula.  It  arises  posterior  to  the  hepatic 
anlage  as  a  distinct  evagination  of  the  gut  at  the  juncture  of  the 
floor  of  the  fore  gut  and  anterior  wall  of  the  yolk  sac,  and  its  inti- 
mate connection  with  the  Uver  duct  system  is  acquired  secondarily. 

14.  The  gall  bladder  loses  its  dorsal  and  posterior  connection 
with  the  gut  and  is  shifted  forward  and  downward  until  its  great- 
est axis  i§  in  the  transverse  plane  of  the  body.  In  this  way  its 
connection  with  the  ductus  choledochus  comes  to  lie  in  front  of 
that  of  the  lateral  hepatic  ducts. 

15.  Subsequently  the  gall  bladder  is  again  shifted  upward  and 
forward  so  that  the  cystic  duct  passes  backward  and  downward 
to  join  the  ductus  choledochus.  This  is  brought  about  by  the 
agency  mentioned  in  section  10. 

16.  The  ductus  choledochus  is  formed  from  three  distinct 
elements;  the  anterior  part  from  the  pars  ductus  mediana,  a  deriva- 
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tive  of  the  secondary  median  hepatic  pouch;  the  middle  part 
from  the  pars  ductus  lateralis,  a  derivative  of  the  posterior  part 
of  the  primary  hepatic  diverticula,  and  a  posterior  part  formed 
from  the  floor  of  the  duodenum  and  valvular  intestine. 

17.  Finally,  the  results  of  this  study  may  be  summarized  in 
tabular  form  as  given  below,  starting  with  the  soiirces  of  the  he- 
patic apparatus  on  the  left  hand  side,  and  ending  with  end  results 
of  their  evolution  on  the  right.  In  this  table  the  minor  ducts  are 
arranged  in  the  way  that  they  seem  to  occur  most  frequently  in 
the  late  embryo  or  new-bom  fish.  To  this  table  should  be  added 
the  statement  that  all  those  embryonic  structures  which  are  in- 
cluded under  the  term  'pars  hepatica'  give  rise  to  hepatic  trabe- 
culae  as  well  as  to  the  conducting  structures  which  are  listed 
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EXPLANATION  OF  PIQDBEa 

31  Lateral  view  of  a  reconstruction  of  a  part  of  the  archenteroa  of  an  Acanthias 
embryo  9.4  mm,  long  (8.C.  19).     X  100. 

32  Anterior  view  of  the  rec  one  traction  seen  in  figure  31.     X  100. 

33  Lateral  view  of  a  reconstruction  of  the  hepatic  region  of  an  Acanthiaa 
embryo  7.5  mm.  long  (H.E.C.  1503).    X  75. 

34  Anterior  view  of  the  reconatruction  seen  in  figure  33. 

35  Ventral  view  of  a  reconstruction  of  the  hepatic  repon  of  an  Acantbias 
embryo  9  nun.  long  (H.E.C.  1495).    X  75. 

36  Anterior  view  of  the  reconatruction  seen  in  figure  35.     X  75. 

37  Ventral  view  of  a  reconstruction  of  the  hepatic  region  of  an  Acanthiaa 
embryo  7.5  mm.  long  (S.C.  15).     X  75. 

38  Anterior  view  of  the  reconstruction  seen  in  figure  37.    X  75. 

B.en.,  blastodermic  entoderm  L.hep.p.,  lateral  hepatic  pouch 

D.cyat.,  cystic  duct  M.kep.p.,  median  hepatic  pouch 

F.g.,  fore  gut  T.a.,  anlagen  of  hepatic  tubules 

O.bl.,  gall  bladder  Y.3.,  anterior  wall  of  yolk  stalk 
Hep.d.,  hepatic  diverticulum 
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39    Anterior  view  ( 

10  mm.  long  (S.C.  20).     X  100. 

40    Leftlatcral  vicwof  thcHii 

F.g.,  fore  gut 

G.bl.,  gall  bladder 

L.kep.p.,  lateral  hepatic  pouch 

M.hep.p..  median  hepatic  pouch 


c  roconstruttio 


I  Acanthias  cmbrj'o 


P.kep.n.,  pars  hepatica  modialis 
T.a..  aniagen  of  hepatic  tubules 
!'.«.,  yolk  stalk 
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41  Right  lateral  view  oC  a  re  const  rui^t  ion  of  the  liver  of  an  Acanthioe  cmbrj'o 
15  mm.  long  (H.E.C.  227).     X  150. 

42  Left  lateral  view  of  the  same  reconHtruction. 


D.chol.,  ductus  choledochus 
GM.,  gall  bladder 
L.hep.p.,  left  hepatic  pouch 
R.kep.p.,  right  hepatic  pouch 
iSf.,  stomach 

T.a.l.,  aoterior  left  tubule  group 
T.a.T.,  anterior  right  tubule  group 
T.t.m.,  left  medial  tubule  group 


T.d.L,    doraal    cluster,    posterior    left 

tubule  group 
T.V.I.,   ventral  cluster,  posterior  left 

tubule  group 
T.r.m.,  right  medial  tubule  group 
T.d.r..   dorsal   cluster,   posterior  right 

tubule  group 
r.K.r.,  ventral  clueter,  posterior  right 

tubule  group 
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43  Anterior  view  Ota  rei-f 
mm.  long  (S.C.  1).     X  120. 

44  Anterior  view  of  the  n 


II  of  the  liver  of 
ion  illustrated  i 


m  Ae  an  thing  embryo  15.5 
figures  4H2.     X  150. 


G.bL,  gall  bladder 

St.,  stomach 

T.a.l.,  T.l.a..  anterior  left  tubule  group 

T.a.r.,  anterior  right  tubule  group 

T.d.t.,     dorsal    cluster,  posterior    left 

tubule  group 
T.d.r.,   dorsal   eluster,   poHterior  right 

tubule  group 
T.l.n.,  left  media)  tubule  group 


T.p.l.,   posterior   left   tubule  group — 

the  separate  clusters  cannot  be  seen 

in  this  view  of  figure  43. 
T.r.m.,  right  medial  tubule  group 
T.F.I. ,    ventral   cluster,    posterior   left 

tubule  group 
T.i'.r..  ventral  cluster,  posterior  right 

tubule  group 
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EXPLANATION    C 

45  Left  lateral  view  < 
15.5  mm.  long  (S.C.  1).     X  100. 

46  Uight  lateral  view  of  a,  reconstruction  of  the 


of  the  liver  of  an  Acanthiaa  embryo 


D.ehol.,  ductus  choleduchua 
D.cytt..  cystic  duct 
Duo.,  duodenum 
G.bL,  gall  bladder 
.S(.,  stomach 

T.a.l.,  anterior  left  tubule  group 
r.o.r.,  anterior  right  tubule  group 
T.d.l.,    dorsal    cluster,    posterior    Ic 
tubule  group 


T.d.r.,  dorsal  cluster,   posterior  ri 

tubule  group 
T.Lm.,  left  medial  tubule  group 
T.r.m.,  right  medial  tubule  group 
T.v.L,  ventral  cluster,   posterior 

tubule  group 
T.ii.r.,   ventral  cluster,  posterior  ri 

tubule  group 
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47    Left  lateral  view  of  a 
ai.5mm.lonK(S.C.S).     X  75. 
4S     Hight  lateral  view  of  the  sami 

D.chol.,  ductus  cboledochus 
D.cijsl.,  cystic  duct 
G.bl.,  gall  bladder 
L.kep.d.,  left  hepatic  durt 
T.a.L,  anterior  left  tubule  group 
T.a.r.,  anterior  right  tubule  group 
T.d.l.,    dorsal    cluster,    posterior    1 
tubule  group 
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r.v.i,    ventral   cluste 
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r.v.r.,  ventral  cluster 
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posterior  right 
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49  Anterior  view  of  the  reconstruction  sliown  in  figures  47  and  48. 

50  Anterior  view  of  a  reconstruction  of  the  ga)l  hladfler  iind  livei 
Acanthias  embryo  20.6  mm.  long  (H.E.C.  1494).     X  75. 


D.chol.,  ductus  choledochus 

D.cyst.,  cystic  duct 

D.hep.l.,  left  hepatic  duct 

D.hep.r.,  right  hepatic  duct 

G.bi.  gall  bladder 

T.a.l..  anterior  left  hepatic  ramus  or 

tubule  group 
T.n.T.,  anterior  right  raraua  or  tubule 

group 
T.p.L,    dorsal    cluster,    posterior   left 

tubule  group,  which  later  forms  the 

posterior  left  ramus 


''.d.r.,   dorsal  cluster,   posterior  rinht 

tubule  group 
''.l.m.,    left   medial    ramus   or   tubule 

group 
^.r.rn.,   right  medial   ramus  or  tubule 

group 
r.v.l.,  minor  tubules  of  ventral  left 

tubule  group 
r.v,T.,  minor  tubules  of  ventral  right 

tubule  group 
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51  Lett  lateral  view  of  a  reconstruction  of  a  part  of  the  gut  and  the  liver  rfucts 
and  gall  bladder  of  an  Acanthias  embryo  28  mm.  long  (S.C.  6).     X  50. 

52  A ntero- ventral  view  of  tbc  a 

D.ehoL,  ductus  choledochus 
D.cygt.,  cystic  duct. 
D.hep.L,  left  hepatic  duct 
D.hep.T.,  right  hepatic  duct 
D.panc,  pancreatic  duct 
D.vit.,  vitelline  duct 
Duo.,  duodenum 
G.bl..  gall  bladder 


Pane,  pancreas 

R.a.l.,  anterior  left  hepatic  : 

R.a.r.,  anterior  right  ramus 

R.l.m.,  left  medial  ramus 

R.p.L,  posterior  left  ramus 

R.r.m.,  right  medial  ramus 

St..  stomach 

F.iii(.,  valvular  intestine 
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53  Anterior  view  of  a  reconsl ruction  of  llie  gaU  bladder  and  liver  ducts  of  an 
Acanthias  embryo  33.1  mm.  long  (S.C.  8).     X  50. 

54  Ventral  view  of  a  reconstruction  of  the  gall  bladder,  liver  duets,  and  a  part 
of  the  gut  of  the  same  embryo.     X  50. 

D.choi.,  ductus  choledophus 
D.cyat.,  cystic  duct 
D.hep.L,  left  hepatic  duct 
D.hep.r.,  right  hepatic  duct 
D.i'if.,    vitelline  duct 
Diio..  duodenum 
CM.,  (tall  bladder 
fl,'(./..ff.n.ni.,anteriorlef  I  hepatic 


R.t, 

R.d.l.,  dorsal  posleiio 
Il.l.ni.,  left  medial  rai 
R.p.l.,  posterior  left  r 
R.r.m..  right  medial  ri 
SI.,  stomach 
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THE  MORPHOLOGY  OF  THE  SEPTUM,  HIPPOCAMPUS, 

AND  PALLIAL  COMMISSURES  IN  REPLILES 

AND  MAMMALS' 

J.  B.  JOHNSTON 
Inilitutt  of  Anatomy,  Unipernty  of  Minnetota 

KIMKTT-THBIia  riOUBBS 

In  the  mammalian  brain  the  hippocampus  extends  from  the 
base  of  the  olfactory  peduncle  over  the  corpus  callosimi  and 
bends  down,  into  the  temporal  lobe.  Over  the  corpus  callosum 
there  is  a  well  developed  hippocampus  in  monotremes  and  mar- 
supials, while  in  higher  mammals  it  is  reduced  to  a  slender  ves- 
tige consisting  of  the  stria  longitudinalis  and  indusium.  The 
telencephalic  commissures  in  monotremes  and  marsupials  form 
two  transverse  bundles  in  the  rostral  wall  of  the  third  ventricle. 
We  owe  our  knowledge  of  the  history  of  the  palliat  commissure 
in  mammnle  chiefly  to  the  work  of  Elliot  Smith.  This  author 
states  that  these  commissures  are  both  contained  in  the  lamina 
terminalis.  The  upper  (dorsal)  conmiissure  represents  the  com- 
missure hippocampi  or  psalterium;  the  lower  (ventral)  contains 
the  commissura  anterior  and  the  fibers  which  serve  the  functions 
of  the  corpus  caUosum.  In  mammals  as  the  general  pallium 
grows  in  extent  tliere  is  a  correspondii^  increase  in  the  number 
of  corpus  callosmn  fibers.  These  fibers  are  transferred  from  the 
lower  to  the  upper  bundle  in  the  lamina  tenninalis,  in  which 
corpus  callosum  and  psalterium  then  fie  side  by  side.  As  the 
pallium  grows  the  corpus  c^osum  becomes  larger,  rises  up  and 
bends  on  itself  until  it  finally  forms  the  great  arched  structure 
which  we  know  in  higher  mftniTin«.la  and  man. 

During  aH  this  process  two  changes  have  taken  place  in  the 
lamina  tenninalis.  First,  it  was  invaded  by  cells  from  the  ne^h- 
boring  medial  portion  of  the  olfaQtory  lobe  so  that  the  paired 
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medial  olfactory  nuclei  came  to  be  comiected  by  a  median  mass 
through  which  the  commissures  crossed  from  side  to  side.  The 
median  mass  was  called  by  Elliot  Smith  the  coiamissure  bed 
and  the  whole  body,  including  the  paired  gray  masses,  was  called 
the  paraterminal  body.  Second,  the  enlai^ement  and  arching 
up  of  the  corpus  callosum  caused  the  stretching  of  the  lamina 
terminaUa  and  the  commissure  bed.  The  space  within  the  con- 
cavity of  the  callosal  arch  was  filled  by  a  part  of  the  paratermi- 
nal body.  This  part  of  the  medial  wall  is  thick  in  lower  forms 
but  the  great  arching  of  the  corpus  callosum  in  higher  mammals 
has  stretched  it  out  into  the  thin  septum  pellucidum. 

This  very  clear  conception  of  the  commissures  and  their  rela- 
tionships has  been  generally  accepted  and  has  been  followed  by 
the  writer.  Elliot  Smith  and  others  have  carried  this  concep- 
tion into  the  study  of  reptiles  and  have  based  upon  it  some 
homologies  in  the  brains  of  amphibians  and  fishes.  The  writer 
has  approached  all  questions  of  brain  morphology  from  a  dif- 
ferent standpoint.  'He  has  directed  his  attention  always  to  the 
more  primitive  forms,  making  the  attempt  first  to  see  the  struc- 
ture and  relationships  existing  in  those  brains,  with  the  hope 
that  thereafter  it  would  be  possible  to  see  with  certainty  how 
the  specialized  brains  of  h^her  forms  have  been  developed  from 
the  lower.  The  method  heretofore  followed  by  most  workers 
has  been  to  study  man  and  manmials  first,  as  the  animals  in 
which  we  are  directly  interested,  and  then  to  apply  the  results 
to  lower  vertebrates  either  as  a  matter  of  curiosity  or  as  a  means 
of  securing  corroborative  evidence  of  their  accuracy.  The  ge- 
netic method  is  more  tedious  but  if  followed  with  caution  and 
fidelity  to  the  actual  facts  it  should  lead  to  permanent  results. 
Caution  is  necessary  in  the  forms  chosen  for  study  and  the 
significance  accorded  to  the  facts  discovered.  If  we  are  to  use 
lower  forms  to  throw  fight  upon  the  human  brain,  those  forms 
must  be  chosen  for  study  which  are  at  once  the  least  specialized 
and  most  nearly  allied  to  the  ancestors  of  nuumnals  and  man. 
In  studying  such  brains  attention  must  be  given  to  the  habits 
of  the  animals  and  the  consequent  degree  of  development  of 
each  system  of  nerve  centers. 
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The  work  of  the  writer  has  shown  that  the  telencephalon  of 
'cyclostomes  is  truly  primitive  as  compared  with  that  of  other 
fishes.  It  is  beUeved  that  the  more  primitive  selachians  are  the 
nearest  eiusting  aUies  to  the  common  ancestors  of  fishes,  amphib- 
ians and  reptiles.  Among  the  reptiles  those  which  are  regarded 
by  paleontologists  as  nearest  the  line  of  mammalian  descent  are 
the  chelonia. 

The  writer's  reasoning  has  been  that  an  understanding  of  the 
morphology  of  the  mammalian  and  human  brain  must  rest  on 
a  clear  knowledge  of  the  steps  in  its  evolution  and  of  the  forces 
(habits,  mechanical  factors,  etc.)  which, have  been  concerned  in 
that  evolution.  For  this  purpose  we  must  be  able  to  give  a 
consistent  account  of  the  evolution  of  the  brain  through  the 
chief  groups  of  vertebrates  which  stand  nearest  the  line  of  de- 
scent of  h^her  mammals:  the  cyclostomes,  selachians,  dipnoi, 
chelonia,  monotremes,  marsupials,  and  certain  mammals.  With 
this  in  view  the  writer,  having  studied  the  telencephalon  in 
cyclostomes  and  selachians,  wishes  to  present  here  some  con- 
tributions upon  reptiles  and  mammals.  Further  studies  of  dip- 
noi, as  affording  a  bridge  between  selachians  and  reptiles,  are 
^%atly  to  be  desired. 

The  reason  for  the  above  statement  of  the  writer's  method 
of  ^proach  to  this  problem  is  that  the  facts  thus  far  observed 
in  the  telencephalon  of  primitive  vertebrates  do  not  agree  with 
the  accepted  views  regarding  the  mammalian  brain.  The  diffi- 
culties have  to  do  chiefly  with  the  relations  of  the  paraterminal 
body,  lamina  terminalis,  commissures  and  hippocampus.  In 
selachians  the  pallial  commissures  are  imbedded  in  a  massive 
roof  (called  by  the  writer  the  primordium  hippocampi)  and  cross 
through  the  lamina  supraneuroporica,  wholly  independent  of  the 
lamina  terminalis  and  the  paraterminal  body,  llie  fiber  con- 
nections of  the  body  called  primordium  hippocampi  are  so  char- 
acteristic and  the  line  of  demarcation  between  it  and  the  para- 
terminal body  is  so  clear,  that  there  can  be  no  question  of  the 
individuality  of  the  primordium  hit^xtcampi'  in  selachians  and 
cyclostomes.  The  only  doubt  which  has  arisen  in  the  use  of 
this  term  has  been  whether  the  body  in  question  may  not  give 
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rise  to  somettung  more  than  the  hippocampal  formation  in  the 
mammalian  brain  (Johnston  '10  c,  p.  149).  With  the  study  of' 
the  brains  of  a  number  of  reptiles  and  manunals,  the  conviction 
has  gradually  forced  itself  on  the  writer  that  the  prevailing  ideas 
regarding  the  morphology  of  the  medial  wall  of  the  telenceph- 
alon in  mammals  must  be  modified  in  view  of  the  fundamental 
relations  in  lower  vertebrates.  The  evidence  for  this  can  best 
be  presented  by  careful  comparison  of  the  chief  structures  in 
this  region  in  lower  and  higher  vertebrates. 

For  the  sake  of  clearness  it  must  be  understood  that  the  term 
primordium  hippocampi  .is  used  in  the  sense  in  which  the  writer 
has  employed  it  in  his  previous  papers.  The  fitness  of  this  and 
other  terms  is  discussed  in  a  section  at  the  end  of  this  paper. 

THE  ROOF-PLATE  IN  THE  TELENCEPHALON 

The  anterior  end  of  the  brain  floor  is  occupied  by  the  optic 
chiasma  ('09  b).  The  roof-plate  begins  at  the  preoptic  recess 
and  extends  in  a  curve  around  the  topographic  rostral  end  of 
the  brain  and  caudad  into  the  roof  of  the  diencephalon  ('10  c). 
The  velum  transversum,  always  present  in  vertebrates  at  least 
in  embryos,  marks  the  boundary  between  diencephalon  and 
telencephalon  in  the  roof  ('09  b).  The  telencephalic  roof-plate 
consists  of  three  portions,  the  lamina  terminalis,  lamina  supra- 
neuroporica  and  tela  chorioidea  ('11  b,  p.  491).  The  lamina 
terminalis  is  formed  by  the  fusion  of  the  hps  of  the  primitive 
neuropore  and  is  bounded  above  by  the  neuroporic  recess  which 
marks  the  point  of  latest  connection  of  the  neural  tube  with  the 
ectoderm.  The  lamina  supraneuroporica  is  thickened  by  com- 
missural fibers  in  cyclostomes  and  by  gray  matter  and  fibers  in 
selachians,  and  even  in  ganoids  and  bony  fishes  where  it  usually 
contains  no  commissures  it  is  thickened  and  is  histologically 
difi'erent  from  the  tela  chorioidea  ('11  b).  From  the  tela  chorioi- 
dea just  rostral  to  the  velum  transversum  arises  the  paraphysis. 
The  attachment  of  the  tela  chorioidea  to  the  dorsal  border  of 
the  wall  of  the  telencephalon  medium  is  known  as  the  taenia 
fomicis  ('11  a,  p.  6).  The  taeniae  of  the  two  sides  convei^e  ros- 
trally  to  meet  at  the  point  of  junction  of  the  tela  chorioidea 


Digitized  by  Google 


SEPTUM,   HIPPOCAMPUS,   PALLIAL  COMMISSURES  375 

with  the  lamina  supraneuroporica  in  the  mid-line.  This  point 
has  been  labelled  m  in  numerous  figures  in  preceding  papers. 
Since  there  is  an  early  differentiation  between  the  tela  chorioi- 
dea  and  the  lamina  supraneuroporica  in  the  embryo,  this  point 
is  always  easily  recognizable  in  both  embryos  and  adults  of  all 
vertebrates.  It  is  one  of  the  fundamental  landmarks  in  the  tel- 
encephalon. Its  position  has  been  noted  by  Elliot  Smith  ('97  b, 
p.  52,  fig.  23;  '97  c,  p.  235)  and  is  indicated  in  figures  4,  5,  6,  7, 
9,  35,  45,  55,  64  of  this  paper.  This  point  may  be  named  ?nargo 
posterior  paliii. 

To  complete  the  identification  of  lamina  terminalis  and  lamina 
supraneuroporica  in  reptiles  and  mammals  it  is  necessary  only 
to  determine  the  position  of  the  recessus  neuroporicus. 

TTie  neuroporic  recess  is  always  situated  rostral  or  dorsal  to 
the  anterior  commissure.  Dorsal  to  the  recess  in  cyclostomes 
and  selachians  is  the  lamina  supraneuroporica  with  its  commis- 
sures and  gray  matter  as  already  mentioned.  In  selachians  there 
is  found  an  external  neuroporic  recess  ('11  a)  in  the  form  of  a 
deep  pit  or  a  slender  canal,  through  which  blood  vessels  enter 
the  brain  near  the  upper  border  of  the  lamina  terminalis. 

In  all  the  embryos  of  reptiles  and  mammals  whicli  the  writer 
has  examined  there  is  foimd  a  ventricular  recess  rostral  to  the 
anterior  commissure,  and  above  the  recess  is  a  thick  lamina 
which  in  advanced  embryos  contains  a  pallial  commissure.  These 
relations  were  shown  in  a  previous  paper  ('10  c,  figs.  17,  18,  19, 
20).  It  wiU  be  seen  at  once  upon  comparison  with  selachian 
embryos  that  the  relations  are  essentially  the  same.  This  recess 
is  not  preserved  in  the  adults  of  all  reptiles  and  mammals,  but 
its  position  is  readily  determined,  since  it  must  lie  between  the 
anterior  and  the  paUial  commissures.  The  recess  which  is  found 
in  this  position  is  the  recessus  triangularis  of  Schwalbe  ('81). 
Its  significance  will  be  discussed  in  the  following  paragraphs. 

The  location  of  the  recessus  neuroporicus  is  of  critical  impor- 
tance. Most  authors  who  have  recognized  a  neuroporic  recess 
in  mammals  have  identified  it  with  the  angulus  terminalis  of 
His  and  the  recessus  superior,  the  relations  of  which  are  so  clearly 
figured  by  Elliot  Smith  in  monotreme,  marsupial  and  mam- 
malian brains. 
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His  in  his  Allgeraeine  Morphologie  in  1892  (p.  349,  352)  defined 
the  lamina  tenninalis  as  the  frontal  portion  of  the  frontal  seam 
of  closure.  Below,  the  lamina  tenninalis  ends  in  the  recessus 
opticus  (rec.  praeopticus)  and  is  followed  by  a  basal  portion  of 
the  frontal  seam  contaimng  the  optic  chiasma.  The  upper  bor- 
der of  the  lamina  termjnalis  in  human  embryos  is  marked  by 
an  inward  fold  (i.e.,  the  velum  transversum)  in  early  st^es  and 
later  by  t&e  beginnii^  of  the  choroid  plexus.  Within  the  lamina 
tenninalis  as  thus  defined  (cf.  p.  349  and  352}  in  many  animals 
lies  the  neuropore. 

Von  Kupffer  ('93)  described  the  neimipore  in  the  sturgeon 
under  the  name  of  lobus  olfactorius  impar.  Von  Kupffer's  mate- 
rial was  unfortunate  because  the  eversion  of  the  pallial  part  of 
the  telencephalon  in  ganoids  leaves  the  recessus  neuroporicus 
apparently  boimded  dorsally  by  a  non-nervous  membrane  only. 
Comparison  of  v.  Kupffer's  figure  18  with  the  writer's  figure  of 
this  region  in  the  adult  sturgeon  brain  ('11  b,  fig.  52)  will  show 
that  there  intervenes  between  the  locus  of  the  recessus  neu- 
roporicus and  the  plexus  chorioideus  a  membrane  which  is 
distinctly  thicker  than  the  choroid  plexus  and  differs  from  it 
histologically,  v.  Kupffer  ('94)  also  described  the  recessus 
neuroporicus  Iq  Petromyzon  and  it  has  since  been  shown  by 
Sterzi  ('07)  that  this  lies  below  the  dorsal  telencephalic  commis- 
sure. Upon  direct  comparison  of  the  adult  human  brain  with 
that  of  the  sturgeon  embryo,  v.  Kupffer  believed  (p.  39)  the 
recessus  triangularis  of  Schwalbe  ('81)  to  be  the  homologue  of 
his  lobus  olfactorius  impar. 

In  the  comments  made  by  His  ('93)  upon  v.  Kupffer's"  work, 
he  identified  v.  Kupffer's  lobus  olfactorius  impar  with  the  an- 
gulus  terminalis  of  His.  This  angulus  terminalis  is  the  meeting 
point  of  the  tela  chorioidea  with  the  dorsal  border  of  the  lamina 
terminalis  as  defined  in  1892.  This  does  not  agree  with  v. 
Kupffer's  view  cited  above,  nor  does  it  agree  with  His's  own 
statement  in  1892  that  the  neiu'opore  lies  within  the  lamina 
terminalis. 

Burckhardt  ('94  b)  identified  v.  Kupffer's  lobxis  olfactorius  im- 
par with  a  recess  in  reptiles  situated  at  the  point  of  junction  of 
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the  choroid  plexus  with  the  lamina  containing  the  dorsal  com- 
missure. To  this  recess  Burckhardt  gave  tlie  name  recessua 
neuroporicus  and  to  the  ependymal  membrane  which  stretches 
from  this  recess  to  the  paraphysis  he  gave  the  name  lamina 
supraneuroporica.  Burckhardt  ('94  c)  then  compared  this  epen- 
dymal lamina  supraneuroporica  with  the  tela  chorioidea  of  vari- 
ous fishes,  implying  that  the  neuroporic  recess  was  located  at 
the  point  of  attachment  of  the  tela  to  the  massive  roof  in  front. 
In  all  this  Burckhardt  was  in  agreement  with  His  1S93.  In  his 
last  work,  however,  Burckhardt  ('07)  clearly  described  the  neuro- 
poric recess  in  Scymnus  and  shows  that  in  selachians  the  lamina 
supraneuroporica  is  a  true  nervous  structure.  It  is  in  this  sense 
that  the  term  lamina  supraneuroporica  must  be  used  and  not 
in  the  sense  in  which  Burckhardt  first  used  it. 

In  the  meantime  Elliot  Smith  f'96  a,  '99)  following  Burck- 
hardt, identified  the  recessus  superior  of  mammalian  brains  with 
the  angulus  terminalis  of  His  and  with  the  recessus  neuroporicus. 
There  can  be  no  doubt  that  the  recessus  superior  is  the  same 
as  the  angulus  terminalis  (figs.  8,  9,  m)  and  that  it  corresponds 
to  the  recess  which  Burckhardt  called  neuroporic  recess  in  rep- 
tiles. In  both  classes  this  recess  lies  just  over  the  dorsal  telen- 
cephalic  commissure  and  is  bounded  above  by  the  tela  chori- 
oidea, as  clearly  figured  by  Elliot  Smith.  That  it  does  not 
correspond  to  what  is  known  to  be  the  neuroporic  recees  of 
selachians  is  obvious,  since  in  the  latter  case  the  neuroporic  recess 
is  separated  from  the  tela  chorioidea  by  a  thickened  lamina  con- 
taining the  dorsal  commissures. 

The  chief  contribution  by  v.  Kupffer  in  this  connection  was 
his  pointing  out  the  importance  of  the  neuroporic  recess  as  a 
landmark  in  forebrain  morphology.  His  in  1892  presented  a 
clear  conception  of  the  neural  tube  as  closed  rostrally  by  the 
lamina  terminalis  within  whose  extent  the  neuropore  appeared 
in  some  animals.  In  1893  he  inadvertently  abandoned  this  defi- 
nition by  placing  the  neuropore  at  the  dorsal  border  of  the 
lamina  terminalis  where  the  latter  meets  'the  choroid  plexus. 
Since  then  some  authors  have  defined  the  lamina  terminalis  as 
the  membrane  formed  by  the  closing  of  the  neuropore  and  bounded 
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dorsally  by  the  neuroporic  recess.  Other  authors  have  defined  the 
lamina  tenninalis  as  the  closijig  membrane  which  is  bounded  above 
by  the  choroid  plexus.  Both  groups  of  workers  believe  that  they 
are  following  BUs.  The  result  has  been  the  greatest  confusion. 
In  some  cases  even  the  tela  chorioidea  has  been  included  in  the 
lamina  terminaUs.  The  writer  holds  the  view  that  the  lamina 
tenninalis  is  coextensive  with  the  primitive  neuropore  and  is 
bounded  abovq  by  the  neuroporic  recess,  but  insists  that  the 
locus  of  this  recess  shall  be  accurately  determined.  It  will  appear 
below  that  His  was  in  error  in  locating  the  neuroporic  recess  at 
his  angulus  tenninalis. 

Conclusive  evidence  as  to  the  location  of  the  neuroporic  recess 
in  reptiles  and  mammals  is  to  be  obtained  only  by  following  that 
recess  from  the  open  neuropore  through  successive  stages  of  de- 
velopment until  its  relation  to  the  telencepbalic  commissures  is 
established.  The  accompanying  figures  1  to  6  show  the  contour 
of  the  dorsal  seam  of  the  forebrain  in  embryos  of  Chelydra  ser- 
pentina from  the  stage  of  the  open  neuropore  to  a  stage  possess- 
ing a  carapace  8  mm.  in  length.  For  the  opportunity  to  study 
this  material  the  writer  is  indebted  to  Dr.  C.  E.  Johnson.  The 
locus  of  the  neuroporic  recess  is  entirely  clear  throughout  these 
stages.  In  the  latest  stage  drawn  (fig.  6)  there  appears  between 
the  preoptic  recess  below  and  the  beginning  of  the  tela  chorioidea 
above  (m)  a  somewhat  S-shaped  thickening  of  the  roof-plate. 
In  the  lower  part  of  this  thickening  the  fibers  of  the  anterior 
commissure  are  present.  Above  this  the  neuroporic  recess  ap- 
pears as  a  ventricular  pit.  The  upper  part  of  the  thickening  is 
the  lamina  supraneuroporica. 

The  same  relations  are  seen  in  figure  7  which  shows  the  out- 
line of  the  median  section  of  the  brain  of  a  slightly  more  advanced 
embryo  of  Emys  lutaria.  For  the  opportunity  of  studjdng  this 
embryo  I  am  indebted  to  Dr.  G.  Carl  Huber.  In  this  the 
recessus  neuroporicus  separates  widely  the  lamina  supraneuro- 
porica from  the  thickening  in  the  lamina  tenninalis  which  con- 
tains the  anterior  cohmiissure.  The  lighter  outlines  numbered 
1,  2,  3,  4,  are  the  outlines  of  successive  parasa^ttal  sections 
of  the  medial  wall  of  the  right  hemisphere.    The  contours  /  and 
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S  show  that  an  oblique  ridge  runs  upward  and  forward  from 
the  lamina  supraneuroporica  into  the  medial  wall  of  the  hemi- 
sphere. In  the  brain  of  the  adult  turtle  (fig.  9)  this  ridge  is 
occupied  by  the  hippocampal  commissure.  The  recessus  neuro- 
poricus  is  evident  in  the  adult  upon  the  inner  surface  of  the 
transverse  ridge  which  is  occupied  by  the  anterior  and  the  hippo- 
campal commissures  (fig.  9).  In  Chelydra  serpentina  the  two 
conunissures  form  a  ridge  projecting  farther  into  the  ventricle 
and  the  neuroporic  recess  is  nearly  obliterated. 

Elliot  Smith's  ('03)  figures  and  clear  description  of  Hydro- 
saurus  show  that  a  deep  recess  (his  recessus  inferior)  exists 
between  the  anterior  and  hippocampal  commissure  in  this  Mon- 
itor. Professor  Smith  points  out  that  this  recess  corresponds  to 
the  recessus  triangularis  of  Schw&lbe  in  mammalian  brains. 

In  his  work  on  the  pineal  region  of  Sphenodon,  Dendy  ('10) 
shows  in  text-figure  1  a  median  section  which  agrees  very  well 
with  my  latest  stage  of  Chelydra  serpentina.  In  agreement  with 
Burekhardt's  earUer  work  he  applies  the  name  lamina  supraneu- 
roporica to  the  tela  ohorioidea,  while  to  the  thick  lamina  to 
which  the  tela  is  attached  he  gives  the  name  cerebral  hemisphere. 
Although  of  cotu'se  the  hemisphere  can  not  really  be  seen  in  a 
median  section,  the  application  of  this  name  by  Dendy  serves 
to  show  that  the  structure  which  the  writer  has  called  lamina 
supraneuroporica  is  a  nervous  bridge  connecting  the  two  hemi- 
spheres in  Sphenodon  as  in  the  turtles. 

The  same  conformation  in  the  r^on  of  the  anterior  and  hip- 
pocampal commissures  in  a  late  embryo  of  Anguis  fragilis  is 
shown  in  v.  Eupffer's  figure  248  in  his  article  in  Hertwig's 
Handbuch. 

From  his  own  observations  on  turtles  and  from  the  comparison 
of  the  results  of  other  workers,  the  writer  is  convinced  that  the 
nexiroporic  recess  in  reptiles  is  located  immediately  above  the 
anterior  commissure  and  that  the  hippocampal  commissure 
crosses  the  middle  line  in  a  lamina  supraneuroporica  which  serves 
as  a  massive  bridge  between  the  medial  walls  of  the  two  hemi- 
spheres. In  these  relations  the  reptiles  agree  strictly  with  the 
selachians. 
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We  have  fairly  clear  and  complete  evidence  as  to  the  location 
of  the  nexiToporic  recess  in  mammals.  Id  a  previous  communi- 
cation ('09  b)  the  writer  identified  as  this  recess  a  pit  located  in 
the  pig  of  15  mm.  and  lai^er  just  above  the  anterior  commissure. 
Figure  39  of  that  paper  may  be  consulted  in  this  connection. 
The  development  of  the  pig  has  since  been  carefully  reviewed 
and  the  writer  is  convinced  of  the  correctness  of  this  view.  The 
pit  in  question  is  the  embryonic  representative  of  the  recessus 
triangularis  of  Sehwalbe  and  lies  over  the  anterior  commissure 
and  between  the  fornix  columns.  In  a  later  communication  ('10c) 
were  given  median  sections  of  rabbit  and  cat  embryos  showii^ 
the  same  recess  between  the  anterior  and  the  pallial  commissures. 
Sheep  embryos  show  the  same  relations.  Figures  8  and  24  show 
the  neuroporic  recess  and  lamina  supraneuroporica  in  a  human 
embryo  of  37  nmi.,  for  the  opportunity  to  study  which  I  am 
indebted  to  Dr.  G.  Carl  Huber. 

Netunayer  ('99)  figures  early  stages  of  rabbit  and  sheep  em- 
bryos in  which  he  clearly  identifies  the  neuroporic  recess  (tmder 
the  name  of  lobus  olfactorius  impar)  and  shows  that  it  comes 
to  lie  between  the  anterior  and  pallial  conmiissures.  Several  of 
his  figures  are  reproduced  in  Ziehen's  article  on  the  morphogene- 
sis of  the  central  nervous  system  of  mammals  in  Hertwig's  Hand- 
buch.  The  pit  which  the  writer  identified  as  neuroporic  recess 
in  cat  embryos  was  figured  by  Martin  ('93)  who  showed  that 
the  so-railed  lamina  terminalis  grows  thinner  in  later  stages  at 
the  location  of  this  pit.  It  is  well  known  that  the  recessus 
triangularis  (rec.  inferior  of  Elliot  Smith)  exists  in  this  same 
position  in  adult  monotremes,  marsupials  and  many  mfunmals. 
Werfcman  ('13)  in  his  recent  work  on  the  development  of  the 
commissures  in  lower  mammals  shows  the  neuroporic  recess  in 
embryos  of  the  mole  and  the  bat  (figs.  5,  8,  13,  15,  17,  18,  cep.). 

It  is  proposed  that  hereafter  the  name  recessus  neuroporicus 
be  adopted  for  this  pit  in  the  brains  of  all  vertebrates,  instead 
of  recessus  triangularis  (Sehwalbe)  or  recessus  inferior  (Elliot 
Smith).  The  recessus  neuroporicus  may  be  defined  as  a  pit  ex- 
isting in  the  embryos  or  adults  of  all  vertebrates  in  the  topo- 
graphic rostral  wall  of  the  thii-d  ventricle,  marking  the  point  at 
which  the  dorsal  seam  of  closure  of  the  neural  tube  last  separated 
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fonn  the  ectoderm.  It  lies  always  topographically  dorsal  (or 
rostral)  to  the  anterior  commissure  and  in  all  forms  which  poasess 
a  true  fornix  and  pallial  commissures  it  lies  beneath  the  pallial 
commissures  and  between  the  columns  of  the  fornix. 

The  lamina  terminalis  is  the  anterior  portion  of  the  roof-plate 
and  is  formed  by  the  fusion  of  the  lips  of  the  anterior  neuropore. 
It  extends  from  the  anterior  border  of  the  chiasma  ridge  to  the 
neuroporic  recess  and  is  traversed  by  the  anterior  commissure. 
The  lamina  supraneuroporica  is  a  thickened  portion  of  the  roof- 
plate  extending  dorso-caudad  from  the  neuroporic  recess  and 
oontaining  paUial  commissures  in  oyclostomes,  selachians,  some 
ganoids  and  teleosts,  dipnoi,  reptiles  and  mammals.  The  tela 
ohorioidea  telencephali  is  the  anterior  part  of  the  membranous 
roof  of  the  third  ventricle,  attached  rostrad  to  the  lamina  supra- 
neuroporica, containing  within  its  extent  the  paraphysis,  and 
separated  from  the  tela  chorioidea  diencephali  by  the  velum 
transversum.  The  evidence  on  which  these  definitions  rest  has 
been  examined  by  the  writer  personally  in  all  classes  of  verte- 
brates except  the  Dipnoi.  For  information  regarding  the  posi- 
tion of  the  pallial  commissures  in  Dipnoi  T  am  indebted  to  Prof. 
G.  Elliot  Smith  who  states  in  a  letter  that  the  pallial  commi»> 
sure  in  Lepidosiren  is  disposed  as  in  reptiles. 

GROSS  RELATIONS  IN  THE  MEDIAL  WALL  OF  THE  HEMISPHERE 

In  evaginated  brains  such  as  those  of  the  selachians,  amphib- 
ians, reptiles  and  mammals  the  hemisphere  projects  rostrad  be- 
yond the  lamina  terminalis  and  possesses  a  medial  wall.  Between 
the  apposed  medial  walls  of  the  two  hemispheres  is  the  great 
sagittal  fissure  which  is  closed  caudally  by  the  lamina  terminalis 
and  lamina  supraneuroporica.  The  lower  part  of  the  medial 
wall  (olfactory  lobe)  undergoes  a  secondary  fusion  in  most  sela^ 
chains.  In  reptiles  and  mammaU  there  is  only  a  thickening  of 
the  lamina  terminaUs  and  of  the  lamina  supraneuroporica  related 
to  the  anterior  and  pallial  commissures.  In  selachians  these 
thickenings  and  the  secondary  fusions  become  so  extensive  that 
the  external  neuroporic  recess  is  reduced  to  a  slender  canal. 
Along  the  line  of  this  canal  the  medial  wall  presents  a  cell-free 
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zone  reaching  from  the  vicinity  of  the  neuroporic  recess  around 
the  rostral  end  of  the  hemisphere  into  the  lateral  wall.  This 
cell-free  area  which  the  writer  has  called  the  zona  lintitans  hippo- 
campi, marks  the  limit  between  secondary  olfactory  centers  below 
and  the  olfacto-gustatorycorrelatii^  center  above,  theprimordium 
hippocampi. 

Id  the  comparison  of  the  telencephalon  of  selachians  with  that 
of  reptiles  and  mftm^ri'vl"  the  identification  of  this  zona  limitans 
would  be  of  the  greatest  convenience.  It  may  be  said  at  once 
that  this  boundary  line  is  not  always  easy  to  rect^nize.  A  cell- 
free  zone  occurring  in  the  medial  wall  of  the  hemisphere  is  not 
necessarily  homologous  with  the  zona  limitans  hippocampi  of 
selachians.  The  line  of  demarcation  between  any  two  function- 
ally differentiated  nuclei  often  presents  itself  in  the  form  of  a 
cell-free  zone.  It  is  therefore  necessary  to  examine  the  relations 
of  the  centers  in  question.  In  all  vertebrates  the  secondary 
olfactory  centers  receive  olfactory  tract  fibers  and  send  fibers 
to  the  hypothalamus  and  to  the  nucleus  habenulae.  In  sela- 
chians, if  we  confine  our  attention  to  the  medial  wall  of  the 
hemisphere,  three  kinds  of  fibers  pass  across  the  zona  limitans 
between  the  medial  olfactory  nucleus  and  the  hippocampal  pri- 
mordium:  (a)  olfactory  tract  fibers,  (b)  fibers  arisii^  from  the 
cells  of  the  medial  olfactory  nucleus  and  tuberculum  olfactorium, 
known  as  the  tractus  olfacto-corticalis  septi,  and  (c)  the  fornix 
columns  which  descend  from  the  hippocampal  primordium  to 
pass  caudad.  In  selachians  the  primordium  hippocampi  presents 
no  arrangement  of  cells  into  layers.  The  medial  olfactory  nu- 
cleus presents  two  poorly  marked  cell  layers.  The  outer  one  is 
continuous  below  with  the  more  compact  and  definite  cortical 
layer  of  the  tuberculum  olfactorium.  This  nucleus  is  present 
in  reptiles  and  mammals  but  has  received  little  attention  from 
previous  authors.  It  is  shown  in  Herrick's  figures  46  and  66 
where  it  is  called  nucleus  mediamis  septi;  but  the  nucleus  so 
named  in  figure  43  is  the  primordium  hippocampi  and  the  nucleus 
so  named  in  figure  47  is  that  part  of  the  paraterminal  body  which 
surrounds  the  recessus  praeopticus.  The  deeper  nucleus  forms 
a  projection  into  the  lateral  ventricle  and  has  been  called  nucleus 
accimibens  septi  (Kappers  and  Theunissen)  nucleus  septi  (Unger) 
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and  nucleus  lateralis  septi  (Herrick).  I  shall  hereafter  speak  of 
the  medial  olfactory  area  as  the  area  parolfactoria  and  shall 
use  for  the  two  nuclei  contained  in  it  the  names  nucleus  parol- 
factorius  medialis  and  lateralis,  respectively.  The  general  fea- 
tures of  the  relations  in  the  medial  wall  in  selachians  are  shown 
in  figure  10. 

When  the  medial  wall  of  a  reptilian  brain  is  compared  with 
that  of  the  selachian  there  seems  at  first  sight  no  great  difficulty 
in  identifying  the  hippocampal  formation  and  the  area  parol- 
factoria. The  hippocampus  has  been  identified  with  the  medio- 
dorsal  cortex  by  Meyer  ('92),  Elliot  Smith  ('96,  '10),  Levi  ('04)' 
and  others.  Below  the  rostral  end  of  the  hippocampal  forma- 
tion the  area  parolfactoria  is  thickened  so  as  to  form  a  ridge  in 
the  ventricle.  This  is  the  anterior  end  of  the  paraterminal  body 
of  Elliot  Smith  and  according  to  the  account  given  by  that 
autiior  ('03)  this  body  becomes  united  with  its  fellow  through 
the  lamina  terminalis,  thus  fonmug  the  bed  of  the  anterior  and 
hippocampal  commissures.  The  paraterminal  body  also  extends 
caudad  in  the  medial  wall  of  the  hemisphere  over  the  interven- 
tricular foramen.  In  certain  forms  this  supraforaminal  portion 
of  the  paraterminal  body  continues  to  the  caudal  pole  where  it 
again  unites  with  its  fellow  (e.g.,  in  Spbenodon)  to  form  the  bed 
of  the  comnussura  abeirans.  In  mammals  it  is  stated  that  this 
paratenninai  body  surrounds  and  embeds  the  entire  system  of 
hemispheral  commissures  (c.  anterior,  c.  hippocampi  and  corpus 
callosum).  These  interpretations  are  diagrammatically  repre- 
sented in  figures  82  and  83. 

The  problem  before  us  is  to  determine  what  parts  of  the  medial 
wall  of  the  hemisphere  in  reptiles  and  mammals  have  been  de- 
rived from  that  definite  morphological  and  physiological  unit  in 
selachians  which  the  writer  has  called  the  primordium  hippo- 
campi, and  what  parts  have  been  derived  from  the  area  parol- 
factoria. The  examination  which  follows  will  show  that  the 
paraterminal  body  of  Elliot  Smith  includes  parts  of  both  the 
area  parolfactoria  and  the  primordium  hippocampi  of  selachians 
and  that  the  bed  of  the  pallial  commissures  is  of  different  origin 
and  has  different  morphological  relations  from  the  bed  of  the 
anterior  commissure. 
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In  figures  14  and  17  are  shown  two  transverse  sections  of  the 
telencephalon  of  the  hinge  turtle  (Cistudo  Carolina),  one  near 
the  olfactory  peduncle  and  one  near  the  interventricular  fdra- 
men.  In  the  section  near  the  foramen  the  locus  of  the  recessus 
neuroporicus  is  indicated  by  the  position  of  the  anterior  com- 
missure. If  we  compare  in  the  turtle  and  the  selachian  that 
portion  of  the  hemisphere  which  lies  dorsal  to  the  level  of  the 
neuroporio  recess,  we  must  recognize  a  differentiation  of  this 
region  in  the  reptile's  brain  into  two  parts.  The  dorsal  portion 
is  the  hippocampal  formation  and  is  boimded  by  the  sulcus  limi- 
tans  of  Elliot  Smith  ('03),  s.f-d.  in  the  figure.  The  remainder  of 
the  area  would  be  regarded  as  a  remnant  of  the  primordium 
hippocampi  of  selachians  in  which  differentiation  of  cortex  has 
not  taken  place.  Within  this  primordium  are  found  the  com- 
missura  hippocampi  and  the  upper  part  of  the  fornix  columns, 
as  is  the  case  in  selachians.  In  the  lateral  ventricle  a  groove  is 
seen  at  the  level  of  the  foramen  which  would  be  considered  as 
the  ventricular  boundary  of  this  primordium  hippocampi.  The 
body  which  we  are  thus  hypothetically  calling  primordium  hip- 
pocampi is  of  course  the  same  that  has  been  compared  by  Meyer 
('92)  and  Uuger  ('06)  with  the  septum  peUuoidum  of  mammals. 

As  the  transverse  sections  are  followed  forward  this  thicken- 
ing continues  but  the  appearance  of  distinctness  between  it  and 
the  paraterminal  body  below  gradually  disappears.  Deferring 
comment  on  sections  in  this  intermediate  area  we  may  pass  to 
the  examination  of  figure  14.  The  section  is  taken  behind  the 
olfactory  peduncle.  The  hippocampal  formation  is  clearly  marked 
in  the  raedio-dorsal  wall.  The  cortical  layer  stops  suddenly  and 
a  small  portion  of  the  medial  wall  is  composed  of  small  cells 
without  regular  arrangement.  This  was  called  by  Meyer  part 
of  the  septtmi  pellucidum.  Below  this  is  a  thickening  projecting 
into  the  lateral  ventricle,  apparently  the  sSme  one  as  was  seen 
near  the  foramen  interventriculare.  There  can  be  no  doubt  of 
the  interpretation  of  these  three  portions  of  the  medial  wall. 
The  lowest  is  directly  continuous  with  the  tuberculum  olfacto- 
rium  below  and  receives  olfactory  tract  fibers.  It  belongs  to  the 
area  parolfactoria  and  paraterminal  complex.    The  uppermost 
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is  hippocampal  cortex.  The  small  body  between  is  undifferen- 
tiate primordium  hippocampi.  The  slight  sulcus  dorsal  to  it 
is  the  sulcus  limitans  hippocampi  of  EUiot  Smith  ('03).  Its 
morphological  significance  will  be  discussed  later.  The  deeper 
sulcus  below  corresponds  to  the  sulcus  limitans  hippocampi  as 
that  term  was  used  by  the  present  writer  ('11  a)  for  selachians. 
A  cell-free  zona  limitans  extends  through  the  medial  wall  oppo- 
site to  it. 

The  question  at  once  arises,  how  can  the  same  ridge  or  thick- 
ening in  the  medial  wall  be  the  medial  olfactory  nucleus  at  the 
rostral  end  of  the  brain  and  the  primordium  hippocampi  at  the 
foramen  interventriculare,  especially  since  a  hippocampal  pri- 
mordium Ues  dorsal  to  this  ridge  at  the  rostral  end  of  the  brain? 
With  the  exception  of  Meyer  and  of  Unger  who  distinguished 
between  the  septum  pellucidum  and  the  oUactory  nucleiis  ("vor- 
deres  mediates  ganglion,"  nucleus  septi),  previous  authors  have 
considered  this  whole  region  as  belonging  to  the  paraterminal 
body.  An  examination  of  the  entire  brain  at  once  shows  the 
error  of  this  assumption.  When  the  lateral  ventricle  of  an  adult 
turtle's  brain  is  opened  by  removing  the  lateral  wall,  the  ven- 
tricular surface  of  the  medial  wall  shows  the  structures  seen  in 
figure  19.  Rostrally  the  ventricle  is  constricted  at  the  level  of 
the  olfactory  peduncle  by  a  transverse  fissure  dorsally  and  by 
a  large  longitudinal  ridge  in  the  ventro-medial  wall.  This  ridge 
continues  caudad  in  the  tower  part  of  the  medial  wall  and  is  the 
medial  olfactory  nucleus  or  area  paroUaotoria  seen  in  figure  14. 
Above  this  ridge  is  a  groove  in  which  under  a  hand  lens  there 
are  to  be  distinguished  two  ventricular  sulci  corresponding  to 
the  two  sulci  on  the  medial  surface  above  mentioned  (fig.  14). 
Of  these  sulci  the  dorsal  one  continues  caudad  in  nearly  a  straight 
line  above  the  level  of  the  interventricular  foramen.  The  more 
ventral  sulcus,  about  midway  between  the  olfactory  peduncle 
and  the  foramen,  turns  rather  abruptly  ventrad,  forming  a 
rounded  caudal  boundary  to  the  olfactory  ridge,  and  then  bends 
caudad  to  reach  the  interventricular  foramen  (fig.  19).  The  body 
lying  between  these  two  grooves  is  the  ridge  seen  in  figure  17 
and  hypothetically  identified  above  as  the  primordium  hippo- 
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campi.  It  is  continuous  rostrally  with  the  undoubted  primor- 
dium  hippocampi  of  figure  14  and  is  separated  from  the  medial 
olfactory  ridge  (area  parolfaotoria)  by  a  continuous  ventricular 
sulcus.  This  sulcus  has  been  overlooked  by  previous  workers 
because  they  have  depended  upon  the  study  of  sections.  .Aiter 
it  has  been  seen  in  the  dissected  brain  it  can  be  traced  in  sec- 
tions (figs.  11  to  17),  but  owing  to  its  curve  it  comes  to  lie  at  one 
point  so  nearly  in  the  plane  of  transverse  sections  (fig.  15)  as 
to  be  very  inconspicuous. 

The  parolfactory  ridge  above  described  has  been  figured  by 
Unger  ('06)  in  sections  of  the  brain  of  Gecko  under  the  name 
of  nucleus  septi,  although  he  describes  and  figures  it  as  a  part 
of  the  area  parolfactoria.  Kappers  and  Theunissen  ('08;  fig. 
19)  call  this  the  nucleus  accumbens  septi  and  name  the  sulcus 
which  bounds  it  the  fovea  septo-striatica,  considering  the  nucleus 
as  a  part  of  the  striatum.  Herrick  ('10)  cites  Kappers  and  Theu- 
nissen but  identifies  the  nucleus  in  Lacerta  (fig.  43)  with  his 
nucleus  lateralis  septi  which  is  in  reaUty  part  of  the  primordium 
hippocampi.  That  is,  he  has  overlooked  the  sulcus  limitans 
hippocampi  of  the  above  description  and  has  combined  the  area 
parolfactoria  and  the  greater  part  of  the  primordium  hippocampi 
under  the  name  nucleus  lateralis  septi. 

Upon  the  medial  surface  of  the  hemisphere  of  a  turtle's  brain, 
the  outlines  of  the  area  tmder  consideration  can  be  made  out 
almost  equally  well  (fig.  20).  The  rostral  portion  of  the  lower 
half  of  the  wall  is  occupied  by  an  almost  circular  area  which  is 
continuous  with  the  tuberculum  olfactorium  in  the  ventral  wall. 
This  clearly  corresponds  to  the  medial  olfactory  nucleus  or  area 
parolfactoria  of  the  selachian  brain.  Dorsal  to  it  are  two  sulci 
(cf.  figs.  13,  14,  15  and  20).  The  lower  one  continues  upon  the 
ventral  surface  as  the  caudal  boundary  of  the  tuberculum  olfac- 
torium. The  more  dorsal  sulcus  extends  from  the  olfactory  sul- 
cus back  over  the  interventricular  foramen.  These  two  sulci 
correspond  to  the  two  above  described  in  the  ventricular  surface 
of  this  wall.  The  more  dorsal  sulcus  is  the  one  called  by  Elliot 
Smith  the  sulcus  limitans  hippocampi  because  it  forms  the  ven- 
tral boundary  of  undoubted  hippocampal  formation.    The  more 
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ventral  sulcus  corresponds  to  the  sulcus  limitans  hippocampi 
deaoribed  by  the  writer  in  selachians.  The  part  of  the  medial 
wall  between  the  two  sulci  is  an  undifferentiated  portion  or  ves- 
tige of  the  primordium  hippocampi  of  the  selachian  brain. 

The  primordium  hippocampi  thus  outlined  contains  the  com- 
missura  hippocampi  and  together  with  the  hippocampal  cortex 
recognized  by  previous  workers,  is  the  equivalent  of  the  primor- 
dium hippocampi  of  selachians.     Compare  figure  85. 

In  Alligator  mississippiensis  the  features  described  above  are 
repeated  so  exactly  that  it  is  unnecessary  to  present  separate 
drawings.  There  are  differences  in  general  form,  and  the  area 
parolfactoria  is  relatively  smaller  than  in  the  turtle. 

The  brains  of  various  mammals,  embryonic  and  adult,  have 
been  examined  with  reference  to  the  gross  relations  of  the  pri- 
mordium hippocampi  and  the  area  parolfactoria.  In  the  opossum 
(Didelphys  virginiana)  these  structures  have  essentially  the  same 
form  as  in  the  turtle.  The  chief  difference  is  that  the  area 
parolfactoria  is  less  prominent  in  the  lateral  ventricle  and  the 
sulcus  limitans  hippocampi  is  broader  and  more  shallow.  The 
medial  wall  as  seen  from  the  lateral  ventricle  is  drawn  in  figure 
21,  which  should  be  compared  with  figure  19.  The  medial  sur- 
face of  the  same  hemisphere  is  shown  in  figure  22.  In  this  it 
will  be  seen  that  the  only  important  difEerenoe  from  the  turtle 
brain  is  that  there  are  two  longitudinal  grooves  above  the  fora- 
men interventriculare,  one  above  the  fascia  dentata,  the  other 
below  it.  Compare  Elliot  Smith's  figure  of  the  brain  of  Omi- 
thorhynchus  ('98,  fig.  2).  The  lower  of  these  sulci  separates  the 
fascia  dentata  from  the  fimbria  and  is  therefore  the  fimbrio- 
dentate  sulcus.  The  upper  one  is  the  fissura  hippocampi.  The 
area  parolfactoria  is  prominent  but  relatively  smaller  than  in 
the  turtle.  The  primordium  hippocampi  stretches  forward  from 
the  dorsal  commissure  and  together  with  the  fascia  dentata  ex- 
tends into  the  medial  wall  of  the  olfactory  peduncle.  Compare 
figures  25  to  28  and  figure  86. 

These  structures  have  been  studied  in  a  number  of  mammals. 
Figures  23,  42,  50,  60,  67,  73  show  that'in  the  rat,  rabbit,  striped 
gopher,  bat,  mole,  and  bear  the  relations  are  essentially  the  same 
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as  in  the  opossum.  The  same  is  true  in  the  sheep  and  foetal 
dog.  The  area  parolfactoria  is  smaller  in  all  of  these  than  in 
the  turtle  or  the  opossum,  and  in  some  other  mammals  examined 
(cat,  adult  dog,  man)  this  ridge  fails  to  appear  in  the  ventriole. 
This  is  due  in  part  to  its  smaller  size  (man  especially)  and  in 
part  to  the  secondary  obliteration  of  the  ventricle  between  the 
area  parolfactoria  and  the  head  of  the  caudate  nucleus.  In  these 
forms  the  primordium  hippocampi  seems  to  extend  down  in  the 
medial  wall  to  the  floor  of  the  ventricle. 

INTERNAL  STRUCTURE  OF  THE  MEDIAL  WALL 

To  illustrate  the  relations  in  the  internal  structure  of  the  me- 
dial wall  of  the  hemisphere  several  transverse  sections  are  drawn 
from  the  brains  of  the  turtle,  opossum,  bat,  rabbit,  rat,  mole 
and  bear. 

Section  through  the  olfactory  peduncle.  Figiu"es  12,  25,  41,  48, 
56,  65,  75.  The  matter  of  interest  in  this  section  is  the  fact 
already  well  known  from  the  work  of  Elliot  Smith  and  others, 
that  the  hippocampal  formation  extends  rostrad  almost  to  the 
formatio  olfactoria  in  most  reptiles  and  lower  mammals.  The 
sections  selected  do  not  pass  through  the  extreme  rostral  end 
of  the  hippocampal  formation  but  are  taken  either  through  the 
olfactory  formation  or  very  close  caudal  to  it.  In  each  section 
there  is  seen  beneath  the  ventricle  the  head  of  the  caudate  nu- 
cleus, covered  ventrally  by  a  thicker  or  thinner  tuberculum  olfac- 
torium.  The  cells  of  the  tuberculum  extend  up  a  short  distance 
into  the  medial  wall.  Dorsal  to  this  appears  a  mass  of  cells 
which  are  without  regular  arrangement  and  usually  are  smaller 
and  paler  than  those  in  adjacent  nuclei.  This  is  the  body  which 
has  been  identified  in  the  above  pages  as  the  primordium  hippo- 
campi. Above  this  is  a  dense  mass  of  deeply  staining  cells  which 
is  continuous  caudad  with  the  supra-callosal  hippocampus  in  nuun- 
mals  and  with  the  medio-dorsal  cortex  in  reptiles.  This  is  the 
rostral  end  of  the  hippocampal  formation. 

Section  near  genu  corporie  callosi.  Figures  42,  50,  58,  66,  75, 
77.  Since  it  is  impossible  to  compare  any  particular  section  of 
the  turtle's  brain  with  a  section  through  the  genu  of  the  corpus 
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cailosum  in  mammals,  the  attention  of  the  reader  is  called  to 
figures  12  to  16,  representing  sections  of  the  brain  of  the  turtle 
rostral  to  the  commissures.  They  are  sufficiently  described  in 
the  explanation  of  the  figures. 

In  the  mole,  bat,  rat,  gopher,  and  rabbit  the  precallosal  hippo- 
campus approaches  the  ventral  aspect  of  the  genu  and  con- 
tinues caudad  beneath  the  corpus  cailosum  to  become  lost  in  or 
fused  with  the  underlying  septum  pellucidum  (undifferentiated 
primordium  hippocampi).  This  will  appear  more  clearly  in  the 
description  of  sagittal  sections  below. 

As  is  well  known,  the  faippocampal  formation  also  continues 
caudad  over  the  corpus  callosimi.  Figures  42,  50,  5S  and  66 
show  the  hippocampal  formation  as  it  bends  around  the  genu. 
It  is  accompanied  by  precommissural  fibers  of  the  fornix  system 
some  of  which  rome  from  farther  rostrad  while  some  come  up 
through  the  septum  pellucidum  to  coxu-se  around  the  genu.  Below 
the  hippocampal  formation  and  occupying  the  whole  thickness 
of  the  wall  is  the  primordium  hip[>ocampi.  -  It  is  small  in  the 
rabbit,  very  large  in  the  mole  and  in  the  bat.  Below  this  are 
the  nucleus  parotfaotorius  medialis  and  nucleus  parolfactorius 
lateralis.  Examination  of  sections  farther  forward  as  well  as 
those  now  under  consideration,  shows  that  the  nucleus  lateralis 
is  in  direct  continuity  around  the  ventral  angle,  of  the  ventricle 
with  the  nucleus  caudatus.  The  two  bodies  seem  to  have  the 
same  structure  and  to  form  parts  of  one  mass.  This  is  a  very 
conspicuous  fact  in  all  the  forms  examined  and  has  already  been 
noted  by  Unger  and  by  Kappers.  The  boimdary  between  the 
lateral  nucleus  and  the  primordium  hippocampi  is  marked  by 
a  slight  ventricular  sulcus,  which  has  been  described  above  from 
dissections,  and  a  well  marked  cell-free  zona  limitans.  This  zona 
limitans  does  not  cross  the  medial  wall  directly,  but  at  this  level 
appears  as  a  semicircular  line  of  division  between  the  nucleus 
parolfactorius  lateralis  and  nucleus  caudatus  internally  and  the 
superimposed  tubercultun  olfaotorium  externally.  Just  medial 
to  the  zona  is  seen  in  most  lower  mammals  either  an  incom-. 
plete  and  irr^ularly  broken  plate  of  darkly  staining  cells  (Nissl 
preparations)  or  a  few  isolated  masses  of  such  cells.    These  are 
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the  islands  of  Calleja  and  it  is  readily  seen  that  they  belong 
with  the  tuberculum  olfactorium  in  which  such  islands  are  nu- 
merous. I  have  never  seen  these  islands  rising  in  the  medial 
wall  quite  as  high  as  the  nucleus  parolfactorius  lateralis.  Medial 
to  these  is  a  more  diffuse  layer  of  cells  which  is  continuous  ven- 
trally  with  the  superficial  layer  of  the  tuberculum  external  to 
the  islands.  This  is  the  nucleus  parolfactorius  medialis.  It  is 
evident  that  both  this  and  the  islands  constitute  a  continuation 
of  the  tuberculum  olfactorium  into  the  medial  wall,  as  the  writer 
has  pointed  out  in  the  case  of  selachians  ('11  a).  The  boundary 
line  between  the  primordixun  hippocampi  and  these  two  nuclei 
in  the  medial  wall  is  somewhat  V-shaped  as  indicated  in  the 
figures.  The  medial  nucleus  varies  greatly  in  extent  but  its  cells 
are  always  imbedded  among  the  fibers  of  the  fasciculus  prae- 
commissuralis,  forming  a  more  or  less  dense  superficial  plate  or 
layer.  In  the  mole  and  also  in  the  rabbit  it  comes  up  from  in 
front  almost  to  the  fornix  columns;  in  the  bat  it  rises  somewhat 
higher  than  the  nucleus  lateralis,  but  a  large  primordium  hippo- 
campi intervenes  between  it  and  the  fornix  and  the  corpus  cal- 
losum.  In  the  rat  the  nucleus  medialis  is  small  and  does  not 
extend  as  far  rostrad  as  in  most  forms.  In  the  turtle  the  nucleus 
medialis  covers  the  outer  surface  of  the  nucleus  lateralis  with 
diffusely  scattered  cells  as  in  the  selachian  and  frog. 

The  section  through  the  genu  in  the  bear's  brain  presents  a 
very  different  appearance  from  those  described  above,  owing  to 
the  great  development  of  the  frontal  lobe  which  occupies  the 
space  in  this  section  between  the  olfactory  bulb  and  the  genu. 
In  figure  73,  however,  is  drawn  a  section  between  the  genu  and 
lamina  terminalis  in  which  the  relations  of  the  primordium  hip- 
pocampi, nucleus  parolfactorius  lateralis  and  nucleus  parolfac- 
torius medialis  are  seen  to  be  as  described  above.  In  this  sec- 
tion the  indusium  appears  above  the  corpus  callosum  and  the 
corresponding  cord  of  gray  beneath  it. 

Section  through  the  neuroporic  recess.  Figures  17,  29,  44,  51, 
.  62,  69,  70,  72.  This  section  outs  at  the  same  time  the  anterior 
conmaissure,  the  fornix  columns  and  some  part  of  the  anterior 
'palUal  commissure  complex,  and  passes  just  rostral  to  the  forar 
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men  interveatriculare.    Some  attention  must  be  given  separately 
to  each  of  the  forms  studied. 

In  the  turtle  Cfigs.  9  and  17)  the  neuroporic  recess  is  nearly 
obliterated  in  the  adult,  apparently  through  the  anterior  and 
pallial  conunissures  approaching  one  another  in  later  embryonic 
stages.  The  dorsal  commissure  has  the  form  of  a  loop  whose 
two  limbs  rise  dorsatly  at  either  side  to  reach  the  hippocampus 
(figs.  9  and  16).  All  recent  authors  agree  that  the  compact  layers 
of  cells  occupying  the  medio-dorsal  wall  of  the  hemisphere  repre- 
sents some  part  of  the  hippocampal  formation  of  niammals. 
Meyer  ('92),  Elliot  Smith  ('96)  and  Levi  ('04)  rightly  hold  that 
the  lower  portion  of  tUs  cortex  is  the  forerunner  of  the  fascia 
dentata.  The  ventral  boundary  of  the  hippocampal  formation 
is  sharply  marked  both  by  the  sudden  change  to  a  body  con- 
taining cells  irregularly  scattered  through  the  thickness  of  the 
wall  and  by  a  well-defined  sulcus.  The  mass  of  scattered  cells 
is  the  primordiiun  hippocampi  above  described.  Its  dorsal  por- 
tion in  this  section  is  filled  by  fibers  of  the  fimbria  system.  This 
is  an  old  system  of  fibers  connecting  olfactory  centers  in  front 
with  the  whole  length  of  the  hippocampus.  It  is  well  developed 
in  the  embryo  before  the  hippooampal  commissure  is  formed. 
The  constitution  of  this  precommissural  representative  of  the 
fimbria  is  discussed  below.  The  sulcus  above  mentioned,  since 
it  lies  between  the  fimbria  and  the  developing  fascia  dentata, 
must  be  regarded  as  the  homologue  of  the  fimbrio-^dentate  sulcus 
of  mammals.  This  sulcus  has  been  variously  treated  by  previous 
authors.  Elliot  Smith  ('03)  calls  it  the  sulcus  limitans  in  Sphe- 
nodon,  Edinger  ('96)  and  Ui^er  ('06)  call  it  the  fissura  arcuata, 
Kappet^  and  Theunisseh  ('08)  call  it  fissura  septo-corticalis,  de 
Lange  ('11)  uses  the  same  name  but  calls  it  also  fissxu-a  arcuata. 
Herrick  ('10)  discusses  the  matter,  and  retains  the  term  fissura 
arcuata.  The  sulcus  in  question  can  not  be  the  fissura  arcuata, 
since  that  is  situated  within  the  hippocampal  formation,  dorsal 
to  the  fascia  dentata.  The  fissura  arcuata  is  not  present  in  the 
reptiles  studied  by  the  writer.  On  the  other  hand,  the  fimbrio- 
dentate  sulcus  is  a  constant  feature  in  the  brains  of  reptiles  and 
mammals.    It  is  the  sulcus  shown  by  Elliot  Smith  ('98,  pi.  XI, 
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'10,  fig.  5)  in  the  brain  of  Ornithorhynchus  beneath  the  fascia 
dentata  and  seen  in  the  same  position  in  the  brain  of  Didelphys 
and  the  bat  (figs.  22,  30,  43,  44).  Elliot  Smith  C'03,  p.  469)  gives 
this  sulcus  the  name  sulcus  limitans  hippocampi  and  points  out 
the  error  of  writers  on  the  reptilian  brain  who  regard  this  as  the 
fissura  arcuata.  In  higher  mammals  the  growth  of  the  corpus 
callosum  greatly  disturbs  this  sulcus  in  the  rostral  half  of  the 
hemisphere  but  the  fimbrio-dentate  sulcus  is  a  well  known  land- 
mark in  that  region  of  all  mammalian  brains  where  the  primary 
relations  of  hippocampal  formation  and  fimbria  are  retained.  It 
persists  throuji^out  the  length  of  the  corpus  callosum  in  the 
bear  (fig.  76)  and  the  bat  (figs.  43,  44). 

The  sections  of  the  turtle  brain  show  that  the  body  which 
Meyer  called  septum  pellucidum  and  which  I  have  here  called 
primordium  hippocampi  is  marked  off  from  the  area  parolfac- 
toria  by  a  ventricular  sulcus  and  a  cell-free  zone,  is  traversed 
by  the  o!f  acto-cortical  fibers  and  by  the  hippocampal  commissure. 
This  body  lies  above  the  neuroporio  recess  and  in  all  these  re- 
spects it  agrees  with  the  primordium  hippocampi  of  selachians. 
The  only  difference  is  that  a  part  of  the  hippocampal  primor- 
dium of  selachians  has  developed  into  hippocampal  cortex  in 
reptiles. 

In  Didelphys  (fig.  29),  as  in  the  marsupials  described  by  Elliot 
Smith,  the  dorsal  or  anterior  pallial  commissure  lies  in  the  same 
plane  with  the  large  anterior  commissure  and  above  the  neuro- 
poric  recess.  The  mass  of  gray  matter  in  which  it  is  partly 
imbedded  projects  into  the  ventricle  and  is  separated  from  the 
parolfactory  nuclei  rostrad  by  the  ventricular  sulcus  limitans  in 
the  manner  described  above.  It  is  the  residue  of  the  primordium 
hippocampi  of  selachians  and  is  continuous  with  the  fascia  den- 
tata and  hippocampus  above.  The  fibers  of  the  anterior  pallial 
conmiissure  bend  dorsad  through  the  primordium  to  emerge  on 
the  ventricular  surface  of  the  hippocampus  as  the  alveus.  Above 
the  commissure  is  the  recessus  superior  whose  membranous  walls 
are  attached  to  the  dorsal  surface  of  the  commissure.  This  is 
nothing  more  or  less  than  a  rostral  pocket  of  the  third  ventricle 
covered  by  tela  chorioidea,  formed  by  the  commissure  pushing 
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into  the  ventricle  as  a  transverse  ridge.  Just  lateral  to  the 
attachment  of  the  tela  js  the  fimbrio-dentate  sulcus.  Above  the 
fascia  dentata  the^deep  fissura  hippocampi  presents  the  typical 
mammalian  relations.  The  constitution  of  the  anterior  pallia! 
commissure  is  discussed  in  a  later  section. 

In  the  bat  (fig.  44)  the  section  cuts  the  two  commissures  very 
much  as  in  the  opossum.  Above  the  anterior  pallial  commissure 
is  a  well  developed  hippocampus  and  fascia  dentata.  The  hip- 
pocampal  fissure  and  the  fimbrio-dentate  sulcus  are  similar  to 
those  of  Didelphys.  The  lateral  ventricles  are  reduced  to  very 
narrow  slits.  The  medial  wall  of  the  ventricle  consists  of  a  pri- 
mordium  hippocampi  in  which  the  pallial  commissure  is  im- 
bedded as  in  all  other  forms. 

In  the  mole  (fig.  61)  the  section  cuts  the  large  anterior  com- 
missure, the  fornix  coliunns  and  the  corpus  eallosum.  Above 
the  corpus  eallosum  is  the  indusium  with  the  stria  Lancisii,  and 
beneath  it  the  primordium  hippocampi  which  is  relatively  larger 
than  in  any  other  mammalian  brain  studied.  Between  the  for- 
nix columns  it  contains  large  cells  comparable  with  the  large 
pyramids  of  the  hippocampus.  The  relations  of  the  neuroporic 
recess  are  commented  upon  in  connection  with  the  sagittal  sec- 
tion, which  shows  them  better. 

In  the  rabbit  (figs.  69,  70)  the  general  relations  are  the  same 
as  in  the  mole.  A  very  small  indusium  appears  above  the  corpus 
eallosum.  The  septum  pellucidum  of  authors  consists  of  a  dif- 
fuse gray  mass  which  is  directly  continuous  forward  with  the 
primordium  hippocampi.  Just  rostral  to  the  neuroporic  recess 
each  lateral  half  of  this  primordium  is  almost  semicircular  in 
outline  (fig.  69).  The  fornix  columns  come  up  throu^  it,  a 
large  part  of  their  fibers  turning  laterad  as  the  body  of  the  fornix 
to  become  continuous  with  the  fimbria,  another  large  part  ascend- 
ing to  take  a  place  immediately  beneath  the  corpus  eallosum 
near  the  median  line  in  which  position  the  fibers  continue  caudad 
to  be  distributed  to  the  hippocampus.  This  is  the  fornix  supe- 
rior of  Kdlliker  and  Elliot  Smith.  The  fornix  body  divides  at 
the  level  of  the  neuroporic  recess  into  dorsal  and  ventral  por- 
tions.   The  dorsal  portion  forms  a  Qiia  covering  for  that  part 
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of  the  hippocampus  which  extends  farthest  rostrad  beneath  the 
corpus  callosum  (hippocampal  flexure).  This  appears  in  sec- 
tions immediately  behind  the  foramen  and  thus  overlaps  dor- 
sally  the  prijnordium  hippocampi  in  which  the  commissure  is 
imbedded.    The  ventral  portion  becomes  the  fimbria  proper. 

In  the  bear  (fig.  72)  the  neuroporio  recess  projects  rostrad 
between  the  fornix  colunms  somewhat  beyond  the  rostral  border 
of  the  anterior  commissure.  Above  the  recess  the  space  between 
the  fornix  columns  is  occupied  by  the  hippocampal  commissure. 
Above  this  are  the  bundles  of  the  fornix  superior  and  among 
them  a  little  gray  matter  which  is  the  continuation  of  the  sub- 
callosal hippocampus  traced  back  from  the  level  of  the  genu. 
At  about  this  level  this  small  mass  of  gray  becomes  fused  with 
the  primordium  hippocampi  (septum).  The  latter  body  is  here 
largely  iilled  with  the  fibers  of  the  fornix  system.  Its  ventricu- 
lar portion  is  relatively  free  from  medullated  fibers.  On  the 
dorsal  surface  of  the  corpus  callosum  is  the  indusium  with  the 
striae  Lancisii  which  will  be  more  fully  described  in  a  later 
section. 

The  rat  possesses  the  lai^est  hippocampal  formation  rostral 
to  the  foramen  interventriculare  that  the  writer  has  seen  in  any 
mammal.  At  the  olfactory  peduncle  (fig.  56)  a  very  broad  area 
of  deeply  staining  cortex  is  seen  on  the  medial  surface  almost 
in  contact  with  the  olfactory  formation.  This  is  reduced  to  a 
narrow  band  at  the  level  of  the  rostral  border  of  the  caudate 
nucleus  (fig.  57).  Here  is  a  great  development  of  the  deep  layer 
of  the  tuberculxun  and  between  this  and  the  cortex  mentioned 
is  a  narrow  area  of  small  pale  cells  which  represent  the  primor- 
dium hippocampi.  At  the  rostral  border  of  the  corpus  callosum 
(fig.  58)  the  special  enlargement  of  the  deep  layer  of  the  tuber- 
culum  has  disappeared  and  the  islands  of  Calleja  invade  the 
lower  part  of  the  medial  wall.  The  primordium  hippocampi  is 
much  increased  in  size  while  the  band  of  cortex  previously  de- 
scribed is  still  small.  Ciuving  about  the  genu  of  the  oorpus 
callosum  is  seen  well  developed  cortex  acoompanied  by  the  stria 
medialis  Lancisii.  Nine  sections  farther  caudad  (fig.  59)  the  two 
bands  of  hippocampal  cortex  have  united  into  a  broad  band 
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beneath  the  corpus  callosum,  and  above  the  latter  is  a  rather 
large  indusium.  The  primordixun  hippocampi  is  broad  and  is 
bounded  below  by  very  large  islands  of  small  cells  which  take 
a  very  deep  stain.  At  this  level  the  primordium  hippocampi 
includes  a  large  mass  of  gray  between  the  sub-callosal  hippo- 
campal  cortex  and  the  ventricle.  It  is  separated  from  the  nu- 
cleus parolfactorius  lateralis  by  an  oblique  zona  limitaos.  The 
nucleus  lateralis  appears  to  be  merely  the  medial  part  of  the 
head  of  the  caudate  nucleus  which  does  not  extend  into  the 
medial  wall  beyond  the  lower  angle  of  the  ventricle.  This  rela- 
tion is  more  striking  in  the  rat  than  in  any  other  mamjnal  stud- 
ied. Fifteen  sections  caudal  to  the  last  figure  the  very  broad 
sub-callosal  hippocampal  cortex  has  become  reduced  to  a  small 
band  (fig.  60)  but  the  primordium  is  still  large  and  bears  the 
same  relation  to  the  nuclei  parolfactorii  medialia  and  lateralis 
and  to  the  islands  of  Calleja  as  in  other  forms  described  above. 
Caudal  to  this  (fig.  61)  the  cortical  band  merges  into  the  pri- 
mordium, which  maintains  the  usual  relations.  At  the  level  of 
the  neuroporic  recess  (fig.  62)  all  the  relations  are  closely  similar 
to  those  in  the  rabbit.  Caudal  to  the  foramen  the  primordium 
extends  a  short  distance  among  the  fimbria  fibers  and  then  is 
continued  as  a  band  of  rells  flattened  between  the  hippocampal 
conunissure  and  corpus  callosum,  accompanying  the  fornix  supe- 
rior as  in  the  rabbit  and  bear.  These  cells  eventually  are  lost 
to  view  among  the  cells  of  the  deep  or  ventricular  layer  of  the 
hippocampus. 

Relation  of  primordium  hippocampi  to  true  hippocampus  caudal 
to  the  foramen  interventriculare.  The  fact  has  been  mentioned 
above  that  in  the  rabbit  the  hippocampus  extends  rostrad  be- 
neath the  corpus  callosum  almost  to  the  level  of  the  foramen 
and  overlaps  the  primordium  hippocampi.  The  commissure  and 
fornix  are  imbedded  in  a  continuous  mass  of  gray  which  has 
reached  the  cortical  stage  of  differentiation  behind  the  commis- 
sure, while  in  front  it  remains  an  undifferentiated  primordium. 
The  same  is  true  of  the  mole.  Here  the  hippocampus  proper 
attends  rostrad  only  a  short  distance  beneath  the  splenium  (fig. 
88)  but  the  primordium  continues  caudad  over  the  foramen 
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among  the  fimbria  fibers  and  as  a  mass  of  pure  gray  matter  on 
the  ventricular  surface  of  the  fimbria  until  it  overlaps  the  rostral 
end  of  the  hippocampus.  Here  the  primordium  and  the  cortex 
meet  as  a  common  bed  for  the  fimbria  and  the  caudal  portion 
of  the  hippocampal  commissure  which  lies  beneath  the  splenium. 
The  condition  in  the  rat  also  indicates  the  essential  continuity 
of  the  primordium  hippocampi  and  the  hippocampus  proper. 
This  subject  is  more  fully  discussed  in  the  following  section. 

In  the  turtle  (fig.  18)  the  primordium  hippocampi  behind  the 
foramen  is  small  and  is  occupied  by  the  fimbria.  The  fimbrio- 
dentate  sulcus  continues  baok  in  the  medial  wall  of  the  hemi- 
sphere as  far  as  the  fimbria  can  be  recognized,  some  distance 
beyond  the  end  of  the  choroid  fissure  (fig.  20). 

EXAftflNATION  OF  MEDIAL  SURFACE  OF  HEMISPHERES  AND  OF 
SAGITTAL  SECTIONS 

The  medial  surface  of  the  opossum's  hemisphere  is  drawn  in 
figure  22.  The  reader  will  notice  the  deep  hippocampal  fissure 
above  the  fascia  dentata  and  that  it  is  suddenly  obliterated  ros- 
trad  by  the  deep  in-folding  of  the  dorsal  wall  at  the  sulcus  olfac- 
torius.  The  fascia  dentata  is  narrow  over  the  anterior  pallial 
commissure  and  grows  wider  rostrad.  Beneath  it  is  the  broad 
bundle  of  precommissural  fibers  of  the  fornix  system.  The  an- 
terior pallial  commissure  stands  in  the  path  of  these  fibers.  The 
fimbrio-dentate  sulcus  begins  between  the  dorsal  end  of  these 
fibers  and  the  fascia  dentata  and  extends  caudad  over  the  com- 
missure. The  locus  of  the  neuroporic  recess  is  clearly  seen  in 
the  Bo-ealled  recessus  inferior.  Upon  this  surface  no  sulcus  is 
visible  between  the  primordium  hippocampi  and  the  area  parol- 
factoria.  It  has  probably  been  obliterated  by  the  great  bundles 
of  precommissural  fibers  running  dorso-ventrally  across  it.  The 
course  of  the  boundary  line,  as  indicated  by  the  internal  struc- 
ture above  described,  is  shown  in  figure  86. 

In  figures  35  and  34  are  drawn  a  nearly  median  sagittal  sec- 
tion throu^  the  region  surrounding  the  commissures  and  a  seo- 
tion  of  the  anterior  pallial  commissure  and  hippocampal  fomutr- 
tion  lateral  to  the  median  plane.    In  the  most  medial  section  it 
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is  seen  that  the  pallial  commissure  lies  in  a  lamina  supranem-o- 
porica  containing  gray  matter  and  that  the  tela  is  attached  to 
the  dorso-rostral  border  of  this,  forming  the  recessus  superior. 
The  projection  of  the  chief  volmne  of  the  lamina  supraneuro- 
porica  into  the  ventricle  is  a  characteristic  difference  between 
miu^upials  and  higher  mammals.  In  the  bat  ffig.  45)  an  inter- 
mediate condition  is  found.  The  pallial  commissure  has  already 
the  crescent  shape  which  is  characteristic  of  those  forms  in  which 
the  corpus  callosum  has  begim  to  separate  from  the  hippocampal 
commissure.  In  the  caudal  thick  part  of  the  commissure  are 
found  a  number  of  small  bundles  of  non-medullated  or  lightly 
medullated  fibers  and  the  rostral  part  of  the  crescent  seems  to 
contain  many  lightly  medullated  fibers.  This  rostral  horn  of  the 
crescent  of  course  forms  the  precommissiu-al  portion  of  the  alveus. 
Whether  the  lightly  medullated  fibers  have  different  functions 
from  the  heavily  medullated  can  not  be  decided  at  present.  In 
the  section  lateral  to  the  median  plane  it  is  seen  that  the  pri- 
mordium  hippocampi  is  directly  continuous  with  the  fascia  den- 
tata  through  the  commissure  bundles  (figs.  33,  34).  The  celU 
of  the  fascia  dentata  with  which  the  primordium  comes  into 
relation  are  those  in  the  concavity  of  the  fascia  dentata  which 
KoUiker  ('96,  p.  737,  fig.  777)  and  Edinger  ('04,  p.  333  and  fig. 
232)  call  the  end-portion  of  the  layer  of  pyramidal  cells  of  the 
hippocampus.  In  transverae  sections  this  continuity  of  the  pri- 
mordium with  the  hippocampal  formation  is  not  conspicuous 
because  the  alveus  seems  everywhere  to  form  a  complete  paiv 
tition  of  fibers  between  the  two  gray  masses.  In  sagittal  sections 
it  is  seen  at  once  that  the  alveus  is  in  bxmdles  between  which 
columns  of  cells  connect  the  two  masses;  or,  rather,  that  the  two 
form  one  continuous  mass  which  is  traversed  by  the  alveus 
bundles. 

When  transverse  sections  stained  by  a  cell  stain  are  studied 
more  carefully  instructive  facts  are  brought  out.  First,  as  is 
well  known  from  the  work  of  Elliot  Smith  and  Levi,  the  fascia 
dentata  in  its  rostral  part  is  directly  continuous  with  the  ven- 
tral border  of  the  hippocampal  cortex,  as  seen  in  a  transverse 
section  (fig.  28).    In  both  hippocampus  and  fascia  dentata  is 
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seen  a  sparse  layer  of  polymorphous  cells  next  to  the  ventricle, 
in  part  mingled  with  alveus  fibers.  In  the  rostral  part  of  the 
fascia  dentata  this  ventricular  layer  consists  of  a  much  larger 
number  of  cells  and  these  are  broadly  continuous  with  the  mass 
of  the  primordium  hippocampi  (figs.  28,  32).  Further  caudally, 
where  the  fascia  dentata  becomes  displaced  so  as  to  embrace 
the  border  of  the  hippocampus  in  its  concavity,  the  cells  which 
fill  this  concavity  are  seen  in  favorable  sections  in  direct  con- 
tinuity with  the  primordium  through  the  alveus  (figs.  29,  30, 
31).  IVom  these  facts  it  appears  that  the  polymorphous  layer 
contains  the  primitive  cells  of  the  hippocampus  and  is  com- 
parable to  the  primordium  hippocampi.  This  is  especially  clear 
in  the  relations  of  the  primordium  to  the  hippocampal  cortex 
in  the  pre-catlosal  region  in  the  rat  (figs.  58,  59). 

The  brain  of  the  bat  is  rather  small  for  dissection  and  the' 
writer  has  not  had  a  sufiScient  number  of  specimens  to  warrant 
using  them  in  this  way.  Therefore  the  median  plane  of  this 
brain  is  reconstructed  from  sagittal  sections  and  a  parasagittal 
section  is  drawn  to  illustrate  the  arrangement  of  centers  in  the 
medial  wall  (figs.  45,  46),  These  figures  show  clearly  that  while 
the  nucleus  parolfactorius  medialis  extends  high  up  toward  the 
pallial  commissures  it  does  not  reach  them  but  these  commis- 
sures are  imbedded  in  a  considerable  mass  of  gray  matter  which 
lies  dorsal  to  the  level  of  the  neuroporic  recess.  This  mass  is 
the  primordium  hippocampi  and  is  separated  from  the  area  par- 
olfactoria  below  by  a  well  marked  cell-free  zona  limitans  hippo- 
campi. The  primordium  consists  of  two  parts,  a  dense  collec- 
tion of  small  cells  forming  a  bed  for  the  hippocampal  commissure 
(fig.  46),  and  a  much  less  dense  area  of  larger  cells  beneath 
the  corpus  callosimi.  Rostrad  the  zona  limitans  rises  almost 
to  meet  the  genu  of  the  corpus  callosum,  but  in  sections  to  one 
side  of  the  median  plane  (fig.  47)  the  supra-callosal  hippocampus 
(indusium)  surroimds  the  rostral  border  of  the  commissure  and 
becomes  continuous  with  this  sub-callosal  portion  of  the  pri- 
mordium hippocampi.  Rostral  to  the  genu  the  hippocampal 
formation  extends  to  the  olfactory  pedimcle.  Close  to  and  in 
the  median  plane  the  large  celled  portion  of  the  primordium  is 
reduced  to  small  size  but  is  distinct  from  the  nucleus  parolfao- 
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torius  mediaJis.  Caudally  the  conunissure  is  imbedded  between 
the  primordium  and  the  hippocampus  proper  and  dorsally  the 
cells  of  the  indusimn  are  occasionally  found  intermingled  with 
the  bundles  of  the  corpus  callosum  (fig.  47)  so  as  to  establish 
a  continuity  between  the  indusium  and  the  primordium.  In 
front  of  the  commissure  there  is  a  broad  continuity  of  these 
bodies  as  already  described.  It  thus  appears  that  the  corpus 
callosum  and  hippooampal  commissure  are  imbedded  in  a  con- 
tinuous mass  of  gray  matter  which  occupies  the  thickened  lamina 
supraneuroporica  and  extends  into  either  hemisphere  as  the  hip- 
pooampal formation.  At  the  point  m  where  the  tela  chorioidea 
is  attached  to  the  caudal  surface  of  the  hippocampal  commissure 
is  a  prominent  module  of  cells  to  which  Elliot  Smith  ('97  c)  has 
called  attention  in  Nyctophilus.  This  is  the  primary  upper  bor- 
der of  the  lamina  supraneuroporica  and  the  cells  belong  to  the 
indusium  venim  as  defined  by  Professor  Smith  f'97  e).  It  might 
be  called  nodulus  marginalis. 

In  the  rat  there  is  a  large  corpus  callosum  with  well  developed 
genu  and  splenium.  The  hippocampal  commissure  is  a  plate 
of  fibers  broad  dorso-ventrally  and  standing  nearly  vertically 
beneath  the  body  of  the  corpus  callosum,  a  little  nearer  to  the 
genu.  At  its  dorsal  border  the  plate  of  fibers  bends  caudad 
beneath  the  corpus  callosiun  and  becomes  continuous  with  the 
thin  edge  of  the  splenium  (fig.  89).  This  form  of  the  commis- 
sures is  apparently  due  to  the  dorsal  end  of  the  large  hippo- 
oampus  which  fills  the  angle  between  the  hippocampal  commis- 
sure and  the  splenium,  the  hippocampal  flexure  of  Elliot  Smith. 
The  pillars  of  the  fornix  are  large  and  rise  in  front  of  the  hippo- 
campal commissure  relatively  free  from  mingling  with  it  (fig.  64). 
Just  beneath  the  corpus  callosum  they  turn  latero-caudad  in  the 
fimbria.  Between  the  fornix  columns  and  the  hippocampal 
commissure,  and  to  some  extent  mingled  with  the  latter,  is  the 
small-celled  nucleus  ah-eady  described  in  the  bat.  Beneath  the 
rostral  part  of  the  corpus  callosum  the  septum  pellucidum  is 
filled  with  large  cells  as  in  the  bat.  Here  in  the  rat  these  cells 
become  more  compactly  arranged  near  the  median  line  and  are 
directly  continuous  with  the  indusium  around  the  genu  as  de- 
scribed above  from  transverse  sections.    Rostral  from  the  genu 
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the  indusium  is  continued  by  a  cortical  band  which  reaches  to 
the  olfactory  bulb.  Beneath  this  is  a  band  of  lightly  staining 
cells,  loosely  and  irregularly  arranged,  which  represents  the  pri- 
mordium  hippocampi.  It  is  directly  continuous  with  the  less 
compact  part  of  the  septum  pellucidum  abeve  described.  Fi- 
nally, this  part  of  the  septum  pellucidum  in  its  caudal  and  lateral 
part  is  connected  with  the  hippocampus  proper  by  columns  of 
cells  between  the  bundles  of  the  hippocampal  commissure  as  in 
the  opossum.  See  the  description  of  figures  63  and  64.  There 
is  therefore  a  continuous  formation  which  begins  at  the  olfactory 
peduncle,  divides  at  the  genu  into  indusium  and  septum  pelluci- 
dum and  unites  again  in  the  hippocampus  behind.  Id  other 
words,  the  hippocampal  and  callosal  commissures  are  imbedded 
in  one  formation  which  in  part  is  developed  into  hippocampus 
and  in  part  remains  in  the  primitive  condition.  The  septum 
pellucidum  includes  the  larger  part  of  this  undeveloped  primor- 
dium  hippocampi. 

The  median  plane  of  the  brain  of  the  mole  is  reconstructed  in 
figure  55.  There  is  an  enoiTnous  massa  intermedia  and  the  third 
ventricle  between  it  and  the  anterior  commissure  is  reduced  to 
a  very  narrow  slit.  The  hippocampal  commissure  is  nearly  hori- 
zontal in  position  and  the  septum  pellucidum  very  narrow  dorso- 
ventrally.  It  is  largely  occupied  by  fibers  of  the  fornix  superior. 
The  feature  of  really  striking  importance  about  this  section  is 
the  existence  of  a  band  of  non-nervous  tissue  leading  from  the 
neuroporic  recess  out  to  the  surface  below  the  genu  of  the  corpus 
callosum.  In  Weigert  sections  this  has  almost  the  appearance 
of  a  canal  and  is  occupied  by  blood  vessels.  In  the  sections"  at 
either  side  of  the  median  plane  the  fibers  of  the  precommissural 
bundle,  which  are  interrupted  in  this  figure,  pass  on  into  the 
fimbria.  When  this  is  compared  with  the  condition  in  the  mam- 
malian embryo  it  is  evident  that  this  is  a  vestige  of  the  great 
sagittal  fissure  which  has  been  closed  up  by  the  encroachment 
of  the  paraterminal  body  below  and  the  pallia!  commissures 
above.  If  this  figure  be  compared  with  the  sagittal  sections  of 
the  bat's  brain,  it  will  be  seen  that  a  quite  similar  line  of  demar- 
cation between  the  paraterminal  body  and  the  septum  occurs  in 
the  bat  and  that  the  cell-free  space  is  occupied  by  blood  vessels. 


Digitized  by  Google 


SEPTUM,   HIPPOCAMPUS,    PALUAL   COMMISSURES  401 

Werkman's  photographs  of  sagittal  sections  of  this  region  in  bat 
embryos  are  extremely  instructive  in  this  connection  (Werkman 
'13,  figs.  13,  17  and  18).  These  show  the  relations  between  the 
paraterminal  body  and  the  septum  in  three  stages.  Essentially 
the  same  condition  is  seen  in  the  embryos  of  the  rabbit,  oat  and 
other  mammals.  If  now  we  turn  to  the  selachian  and  compare 
Werkman's  figure  18  and  figures  45  and  55  of  the  present  paper 
with  the  median  section  of  Scyllium  (fig,  84)  we  find  an  almost 
complete  correspondence  of  part  for  part.  The  external  neuro- 
poric  recess  in  the  selachians  is  a  deep  canal  containing  blood 
vessels.  In  some  selachians  the  canal  is  obliterated  and  the 
vessels  are  imbedded  in  a  solid  mass  of  tissue.  An  external  pit 
is  retained  in  the  adult  bat  and  mole  and  in  all  embryos.  In 
the  bat  and  mole  a  cell-free  and  fiber-free  band  occupied  by 
bloo<l  vessels  marks  the  position  of  the  external  neuroporic  recess. 
The  same  is  true  but  less  prominent  in  some  other  mammals. 
In  the  human  embryo  of  31  mm.  the  external  neuroporic  recess 
is  penetrated  by  a  special  group  of  blood  vessels  (fig.  8).  The 
mole  and  the  bat  show  in  a  striking  maimer  that  even  when 
there  is  a  large  corpus  callosum,  as  in  the  mole,  the  essential 
relations  of  the  area  parolfactoria  and  the  hippocampal  formar- 
tion  with  its  pallial  commissures  do  not  differ  at  all  in  selachians 
and  mammals. 

One  other  point  in  the  brain  of  the  mole  may  be  mentioned 
here.  When  the  region  of  the  splenium  is  studied  in  transverse 
sections  it  is  seen  that  the  enlargement  of  the  indusium  behind 
and  beneath  the  splenium  (fasciola  cinerea)  consists  of  much 
larger  cells  than  those  in  the  adjacent  hippocampus  proper  (fig. 
54).  These  cells  form  a  plate  which  is  continuous  at  its  lateral 
edge  with  the  layer  of  pyramids  of  the  hippocampus.  The  fascia 
dentata  takes  no  part  whatever  in  the  formation  of  the  indusium. 
As  the  hippocampus  is  followed  forward  beneath  the  corpus 
callosum  the  cells  of  the  fasciola  cinerea  gradually  blend  to  some 
extent  with  those  of  the  hippocampus.  This  plate  of  cells  is, 
however,  readily  followed  forward  beneath  the  hippocampal  com- 
missure until  the  fascia  dentata  disappears  from  the  section  and 
this  plate  of  cells  merges  with  the  septum  pellucidum  as  above 
described  (fig.  53). 
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CONSTITUTION  OF  DORSAL  COMMISSURE 

Symington  {'93)  and  Elliot  Smith  ('97  d,  '02,  '03  b)  have  pre- 
sented evidence  that  the  marsupials  do  not  possess  a  true  corpus 
callosum.  The  corpus  callosum  of  mammals  is  defined  as  con- 
sisting of  fibers  coming  from  undoubted  neopallial  areas,  invad- 
ing the  alveus  of  the  hippocampus  and  crossing  to  the  opposite 
hemisphere  through  the  dorsal  commissure.  Elliot  Smith  ('03) 
believes  that  while  such  a  commissure  does  not  exist  in  mar- 
supials, the  function  of  a  corpus  callosimi  is  performed  by  fibers 
which  cross  in  the  anterior  commissure,  reaching  it  by  way  of 
the  external  capsule.  The  writer  has  at  hand  at  the  time  of 
writing  only  Smith's  reply  to  Zuckerhandl  (Smith  '03  b).  As 
this  clearly  defines  the  questions  involved  it  will  be  of  interest 
to  note  some  evidence  bearing  on  the  subject  derived  from  the 
brain  of  the  opossum.  In  Weigert  sections  corresponding  to  the 
one  from  the  brain  of  Perameles  beautifully  figured  by  Elliot 
Smith  the  writer  can  not  doubt  that  fibers  enter  the  alveus  from 
the  medio-doreal  cortex  far  beyond  the  transitional  area  between 
hippocampus  and  general  cortex  (fig.  37).  Sagittal  sections  show 
this  more  clearly  ffig.  39).  Since  Weigert  sections  are  not  con- 
clusive on  a  point  like  this,  an  attempt  was  made  to  test  the 
presence  of  callosal  fibers  in  the  dorsal  commissure  by  experi- 
ment. The  attempt  in  two  operations  to  cut  the  dorsal  com- 
missure without  injury  to  anything  else  failed,  but  in  other 
experiments  light  was  thrown  on  this  question.  In  one  animal 
an  area  of  dorsal  cortex  (shown  in  fig.  40,  a)  was  scraped  out. 
The  animal  when  killed  showed  no  infection  and  there  is  in  the 
sections  no  evidence  of  any  injury  being  done  to  the  hippocampus 
or  alveus.  Preparations  were  made  by  the  Marchi  method  and 
showed  the  following  results:  internal  capsule  deeply  degener- 
ated; external  capsule  affected;  anterior  commissure  not  affected 
at  all;  alveus  and  dorsal  commissure  contain  many  degenerated 
fibers,  traced  from  the  lesion  (fig.  40). 

In  another  animal  a  much  larger  area  of  dorsal  cortex  was 
destroyed  (fig.  40,  a).  Although  the  internal  capsule  was  badly 
degenerated  and  the  external  capsule  likewise,  no  degeneration 
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is  seen  in  the  anterior  commissure.  The  dorsal  conmussure  shows 
d^enerated  fibers,  but  in  this  case  there  was  possibility  of  direct 
injury  to  the  alveus. 

In  a  third  animal  ia  which  a  large  lesion  was  made  in  the 
thalamus  and  midbrain,  there  was  incidental  injury  to  the  dorso- 
medial  angles  of  the  hemispheres.  On  the  left  side  this  invaded 
the  hippocampus  secondarily,  laj^ely  destroying  its  dorsal  por- 
tion; on  the  right  it  affected  only  the  dorsal  cortex,.  The  hippo- 
campal  oonmiissure  was  of  course  deeply  affected  and  both  sides 
show  d^eneration  in  the  internal  capsule.  The  anterior  com- 
missure shows  no  degeneration.  The  character  of  the  d^ener- 
ation  in  the  dorsal  commissure  differs  as  the  lesion  affects  the 
hippocampus  or  the  general  cortex.  After  hippocampal  lesion 
the  degeneration  is  more  profuse  and  the  blackened  droplets  are 
much  coarser.  This  is  perhaps  to  be  explained  on  the  suppo- 
sition that  fibers  arising  in  the  general  cortex  are  more  l^tly 
medullated.  Attention  has  been  called  to  the  fact  that  the  dor- 
sal commissure  contains  bundles  of  lightly  medullated  and  non- 
medullated  fibers.  A  similar  explanation  can  scarcely  be  given 
for  the  apparent  absence  of  fibers  from  the  dorsal  cortex  in  the 
anterior  commissure.  One  receives  the  iflipression  from  Weigert 
sections  that  the  anterior  oonunissure  consists  almost  wholly  of 
medullated  fibers. 

It  thus  appears  that  in  the  opossum  we  have  positive  evidence 
in  Weigert  and  Marchi  preparations  for  the  presence  of  corpus 
callosum  fibers  in  the  dorsal  commissure  and  negative  evidence 
from  Marchi  preparations  r^arding  fibers  from  the  dorsal  cortex 
crossing  in  the  anterior  commissure.  Further  study  of  the  dis- 
tribution of  the  anterior  commissure  is  under  way. 

The  facts  above  stated  warrant  a  reinvestigation  of  the  Aus- 
tralian marsupials.  The  presence  of  true  corpus  callosum  fibers 
in  marsupials  and  also  in  reptiles  is  to  be  expected  in  view  of 
the.  fact  that  in  fishes,  amphibians  and  reptiles  sensory  radiar- 
tions  ascend  from  the  thalamus  to  the  telencephalon  and  of  the 
further  fact  that  in  selachians  the  telencephalic  center  for  these 
thalamic  radiations  is  connected  with  its  fellow  by  a  commissure 
which  bears  the  morphological  relations  characteristic  of  the 
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mammalian  corpus  callosum.  It  is  worthy  of  note  that  linger 
('06)  describes  in  the  gecko  a  large  part  of  the  dorsal  commis- 
sure going  to  the  cortex  far  lateral  to  the  hippocampus.  These 
fibers  can  scarcely  be  other  than  corpus  callosum  fibers.  Pedro 
Ramon  ('94)  has  also  figured  fibers  in  Lacerta,  which  must  be 
callosal  fibers  if  the  figure  is  accurate.  See  Elliot  Smith's  dis- 
cussion of  this  {'03,  p.  482).  See  also  Cajal  ('04,  p.  1103),  who 
states  that  these  are  callosal  fibers.  In  the  turtles  studied  the 
lack  of  medullation  in  the  dorsal  commissiu^  has  made  it  impos- 
sible thus  far  to  secure  positive  evidence  as  to  the  presence  of 
callosal  fibers. 

DEVELOPMENT  OF  PALLIAL  COMMISSURES 

The  development  of  the  pallial  commissures  has  been  the  sub- 
ject of  extensive  phylogenetic  and  ontogenetic  studies  by  numer- 
our  authors.  For  the  general  course  of  evolution  of  the  two  com- 
missures we  are  indebted  chiefly  to  the  comparative  researches 
of  Elliot  Smith.  The  studies  of  embryonic  development  by 
Schmidt  ('62),  Mihalkovics  ('77),  Blumenau  ('91),  Marchand 
('91),  Martin  ('93),  His  ('89,  '04),  Hochstetter  ('98),  Zuckerkandl 
('01,  '09),  Gronberg  ('01),  and  Goldstein  ('03),  have  given  con- 
flicting results  on  certain  points.  Elliot  Smith  maintained  that 
the  fibers  of  the  corpus  callosum  in  mammals  entered  the  com- 
missure bed  which  already  contained  the  hippocampal  commis- 
sure, that  the  callosal  fibers  became  segregated  in  the  rostral 
limb  of  a  crescent^shaped  commissure,  that  the  growth  of  the 
general  cortex  was  followed  by  an  increase  of  the  callosal  fibers, 
that  these  fibers  caused  an  expansion  and  stretching  of  the  com- 
missure bed  and  that  the  entire  hippocampal-callosal  commissure 
system  remains  in  higher  mammals  surrounded  by  the  vestiges 
of  the  primary  commissure  bed.  Mihalkovics,  His  and  Zucker- 
kandl have  held  that  the  corpus  callosum  forms  in  a  secondary 
area  of  fusion  of  the  medial  walls  of  the  hemispheres.  This  is 
opposed  by  Goldstein  who  believes  that  in  man  the  primary 
commissure  bed  is  expanded  by  the  callosal  fibers  growing  into 
it.  There  has  just  come  to  hand  as  I  write  the  study  of  Werk- 
man  ('13)  who  finds  this  to  be  true  in  Vesperugo,  Erinaoeus,  and 
Talpa.     The  writer  has  studied  carefully  the  development  ot  the 
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corpus  callosum  in  pig  embryos  and  must  agree  with  Goldstein 
and  Werkman.  The  intermediate  view  of  Marchand,  that  there 
is  a  very  early  fusion  of  a  small  area  of  the  hemisphere  walls 
which  is  thereafter  stretched  by  the  growth  of  the  commissures 
may  be  explained  by  two  factors.  First  is  the  thickening  of  the 
lamina  terminalis  (and  of  the  lamina  supraneuroporica  as  defined  in 
the  present  paper)  by  the  proliferation  of  neuroglia  as  described 
in  detail  by  Werkman.  This  results  in  a  thickened  "Gliar 
ehicht"  through  which  the  fibers  may  run.  Second,  there  is  a 
migration  of  cells  (neuroblasts)  into  the  lamina  supraneuroporica 
from  the  hippocampal  primordia  at  either  side  just  as  there  is 
a  secondary  thickening  of  the  lamina  terminalis  by  migration  of 
cells  from  the  paraterminal  body  to  form  a  bed  for  the  anterior 
commissure.  In  figures  7  and  24  is  seen  a  ridge  extending  upward 
and  forward  from  the  lamina  supraneuroporica  in  the  hemisphere 
wall.  This  ridge  indicates  the  line  along  which  pallia!  (hippo- 
campal) commissure  fibers  enter  the  lamina  and  cells  migrate 
into  this  lamina  to  form  the  commissure  bed  described  above 
in  several  mammals.  This  thickening  of  the  roof  plate  at  first 
by  glia  and  afterward  by  neuroblasts  produces  the  massive 
lamina  supraneuroporica  which  is  characteristic  of  vertebrates 
and  may  explain  Marchand's  conception  of  an  early  area  of 
fusion  and  Gronberg's  concrescentia  primitiva.  Space  can  not 
be  taken  for  a  full  account  of  the  development  of  the  commis- 
sure. The  reader  is  referred  to  the  description  of  figures  78  to 
81. 

That  there  is  no  fusion  of  the  medial  walls  and  that  the  com- 
missure bed  is  merely  expanded  by  intussusception  of  callosal 
fibers  is  evidenced  by  the  appearance  of  the  conunissures  in  the 
lamina  supraneuroporica  (upper  border  of  lamina  terminalis  of 
authors)  (Marchand,  figs.  7,  9;  Werkman,  figs.  5,  17,  24);  the 
fact  that  the  corpus  callosum  in  all  stages  of  growth  has  a  smooth 
and  regular  border  upon  which  the  falx  and  anterior  cerebral 
artery  lie  as  if  they  had  been  pushed  before  the  developing  com- 
missure (Goldstein,  p.  46  and  fig.  15);  and  the  fact  that  the 
commissures  are  always  completely  surrounded  by  a  thicker  or 
thinner  layer  of  nerve  cells  (Blumenau);  which  I  can  confirm 
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from  my  own  studies.  The  laat  point  is  of  great  importance. 
It  has  been  shown  in  a  previoxis  section  that  the  corpus  callosum 
and  iiippocampal  conunissure  in  the  opossum,  bat,  mole,  rat  and 
rabbit  are  everywhere  surrounded  by  the  hippocampal  forma- 
tion and  the  primordiilm  hippocampi.  The  cells  of  the  iudusium 
verum  of  Elliot  Smith  and  the  cells  among  which  the  commis- 
sure libers  are  imbedded  must  be  regarded  as  the  remnant  of 
the  cells  which  enter  the  lamina  supraneuroporica  from  the  adja- 
cent hippocampal  primordia  in  early  stages  of  the  embryo.  Thus 
the  anterior  pallial  commissures  in  pianrTnftlf'  are  imbedded  in 
the  primordium  hippocampi  just  as  they  are  in  selachians. 

STRIAE  LANCI8H  AND  INDUSIUM 

To  the  very  concise  and  illuminating  survey  of  the  history  of 
these  structures  given  by  Elliot  Smith  f'97  e)  I  can  add  a  few 
interesting  comments  on  the  basis  of  the  forms  studied.  Great 
differences  appear  in  these  structiu'es  in  various  mammals.  In 
most  of  the  rodents  the  indusium  is  small  and  the  morpholc^cal 
arrangements  seen  in  the  better  developed  hippocampus  are  lost. 
In  the  woodchuclc  (Arctomys)  there  is  a  fairly  thick  band  of 
cells  continuous  across  the  median  line  and  covered  by  a  layer 
of  fibers.  This  probably  indicates  a  fusion  of  the  indusium  and 
striae  of  the  two  sides.  The  striped  gopher  (Spermophilus  tri- 
decemlineatus)  agrees  with  the  woodchuck.  A  very  different 
condition  appears  in  the  opossum  and  the  bear.  I  have  seen 
no  mention  made  of  a  stria  Lancisii  in  the  marsupials  and  none 
was  to  be  expected  on  the  hypothecs  that  this  bundle  represents 
fibers  which  run  within  the  hippocampal  formation  when  that 
1b  weU  developed.  Elliot  Smith  states  that  in  Eutheria  "the 
vestigeal  fascia  dentata  hes  in  the  region  of  the  stria  medialis." 
I  was  surprised,  therefore,  to  find  in  transverse  sections  of  the 
opossum's  brain  well  defined  striae  mediales  on  the  dorsal  surface 
of  the  pallial  commissure.  As  shown  in  figures  29,  and  30,  these 
are  good-sized  dense  bundles  lying  at  either  side  of  the  middle 
line  and  separated  from  the  fascia  dentata  by  the  fimbrio-dentate 
sulcus  already  described.  Traced  caudad  these  bundles  curve 
down  on  the  caudal  surface  of  the  commissure  and  turn  laterad. 
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They  are  then  lost  in  the  commissure  itself  and  presumably  go 
to  the  hippocampus.  Rostrally  these  fibers  bend  down  over  the 
rostral  border  of  the  commissure  and  are  made  up  from  the  fibers 
of  the  fasciculus  praecommissuralis  (figs.  28,  35,  36).  From  the 
stria  medialis  in  its  longitudinal  course  small  bimdles  are  given 
off  to  the  deep  layer  of  the  dentate  fascia  and  the  hippocampus 
(fig.  36).  These  are  in  all  probability  fibers  from  the  tuberculum 
and  other  olfactory  centers  to  the  Hippocampus.  The  fact  that 
the  stria  is  separated  from  the  fascia  dentata  by  the  fimbrio- 
dentate  sulcus  at  once  suggests  comparison  with  the  fimbria  in 
reptiles.  The  stria  medialis  undoubtedly  corresponds  to  a  part 
of  the  reptilian  fimbria  and  it  is  important  to  notice  that  it 
runs  in  the  primordium  hippocampi  (septum)  in  the  opossum 
as  in  the  reptile.  The  stria  lateralis  is  represented  in  the  opos- 
Bimi  by  the  longitudinal  fibers  in  the  stratum  zonale  of  the  hippo- 
campus as  EUiot  Smith  has  stated.  In  addition  to  longitudinal 
association  fibers  of  the  hippocampus,  however,  these  bundles 
include  many  fibers  which  come  up  from  the  tuberculum  through 
the  rostral  part  of  the  primordium  hippocampi.  These  are  fibers 
of  the  same  cat^ory  as  those  which  make  up  the  stria  medialis; 
both  are  olfacto-cortical  fibers.  These  run  near  the  lateral  bor- 
der of  the  hippocampus,  while  the  stria  medialis  runs  along  its 
medial  border.  Both  the  olfacto-cortical  and  the  association  fibers 
are  seen  in  the  mole  (fig.  48)  but  most  of  them  end  in  the  pre- 
callosal  hippocampus  and  primordium  because  the  supracaUosal 
hippocampus  is  reduced  to  an  indusium  in  the  mole.  In  the 
rabbit  the  stria  medialis  curves  around  the  genu  and  is  lost 
among  the  fibers  of  the  precommissural  fasciculus  rather  far  back 
beneath  the  corpus  callosiun. 

In  the  bear  the  indusium  is  rather  large  and  maintains  the 
relations  seen  in  the  opossum.  As  seen  in  figures  76  and  77, 
the  stria  medialis  is  separated  from  the  hippocampus  by  a  fim- 
brio-dentate  sulcus,  the  fascia  dentata  and  hippocampus  can  be 
distinguished  and  in  the  rudimentary  hippocampus  are  seen  both 
the  vestigeal  alveus  and  the  superficial  stria  lateralis.  These 
structures  curve  about  the  genu  and  are  well  preserved  beneath 
the  caUosum  until  the  hippocampus  expands  into  a  broader  band 
reaching  to  the  olfactory  peduncle  (figs.  77,  75). 
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In  the  bat  also  the  stria  medialis  is  made  up  of  precommissural 
fibers  and  runs  independently  of  the  fascia  dentata,  separated 
from  it  by  the  fimbrio-dentate  sulcus  (fig.  43).  Caudally  the 
fibers  pass  into  the  lateral  part  of  the  nodule  of  cells  at  m,  and 
are  lost.  Probably  they  turn  laterad  here  in  the  hippooampal 
commissure. 

The  above  facts  seem  to  show  conclusively  that  the  indusium 
and  stria  lateralis  Lancisii  are  strictly  vest^es  of  the  hippocampus 
and  fascia  dentata  as  those  exist  in  the  marsupials.  The  stria 
medialis,  however,  is  a  separate  structure  present  in  the  mar- 
upial  and  comparable  with  the  fimbria  bundle  in  the  reptiles. 
Professor  Smith  ('97,  p.  85)  speaks  of  the  stria  medialis  as  "the 
fimbria  of  the  dorsal  hippocampus."  It  t<^ether  with  the  pallial 
commissure  belongs  in  the  septum  or  undeveloped  hippocampal 
primordium.  The  stria  medialis  is  strictly  a  part  of  the  fornix 
longus  as  defined  by  Elliot  Smith  ('97,  p.  88)  but  differs  from  all 
the  other  fibers  of  the  fornix  system  in  that  it  does  not  pierce 
any  part  of  the  pallial  commissure  complex  in  order  to  reach 
the  hippocampus.  This  is  recognized  by  Elliot  Smith  in  the 
passage  referred  to,  which  reads: 

From  this  account  of  the  arrangement  ot  fibers  in  the  ox-brain,  it 
.is  evident  that  ail  the  longitudiTial  uncrossed  fibers  of  the  fornix  break 
through  some  part  of  the  great  dorsal  amtmissure  (psalterium,  splenium^ 
or  corpus  callosum,  as  that  tenn  is  generally  understood)  in  order  to 
reach  the  septum.  These  fibers  constitute  the  true  fornix  longiis.  The 
fornix  superior  consists  of  those  fibers  of  the  fornix  longus  which  do 
not  pass  through  the  main  mass  of  the  psalterium,  but  break  through 
a  commissure  of  non-hippocampal  or  a  mixture  of  the  latter  and  hippo- 
cunpal  fibres  (i.e.,  corpus  callosum  and  its  splenium). 

A  few  fibers  of  the  fornix  do  not  pass  through  any  commissure.  In 
the  marsupial  (fig.  4  a)  these  fibers  spring  directly  from  the  most  ante- 
rior part  of  the  hippocampus,  and  pass  downwards  to  their  destinations 
in  front  of  the  commissures.  The  corresponding  fibers  in  the  higher 
mammal  (fig.  2a)  become  pushed  forward  by  the  extending  genu  cor- 
'  pons  callosi,  but  their  essential  disposition  is  unaltered,  i.e.,  they  spring 
from  the  anterior  extremity  of  the  stria  mesialis  Lancisii. 

This  statement  requires  modification  in  that  the  stria  medialis 
is  connected  with  the  caudal  as  well  as  the  rostral  part  of  the  hip- 
pocampus. The  opossum  and  the  bat  show  this  conclusively.  It 
is  probably  for  the  very  reason  that  the  stria  medialis  is  related 
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to  the  caudal  part  of  the  hippocampus  that  it  is  preserved  at 
all  in  higher  mammals.  Certainly  it  curves  about  the  splenium 
to  enter  the  fully  developed  hippocampus  in  all  the  forms  that 
I  have  studied.  It  is  undoubtedly  made  up  chiefly  of  the  verj; 
primitive  system  of  olfaoto-oortical  fibers  which  are  ah-eady  seen 
in  (cyclostomes  and)  selachians  and  which  constitute  most  of 
the  fimbria  bundle  in  the  rostral  part  of  the  reptilian  hemisphere. 
The  fibers  of  this  system  which  enter  the  rostral  part  of  the 
hippocampus  nearly  all  disappear  in  mammals  possessed  of  a 
large  corpus  callosum  so  that  the  stria  lateralis  Lancisii  consists 
chiefly  of  hippocampal  association  fibers  and  is  sometimes  diffi- 
cult to  recognize  in  these  higher  forms. 

Elliot  Smith  ('97,  p.  55)  suggested  that  the  fasciculus  mar- 
ginalia described  by  him  in  Omithorhynchus  is  represented  in 
higher  mammals  by  the  stria  medialis.  The  fascicultis  margin- 
alis  in  the  opossum  goes  in  part  into  the  stria  medialis  and  in 
part  into  the  "association  bundle"  in  the  stratum  zonale  of  the 
hippocampus.  Since  the  latter  is  practically  lost  in  higher  mam- 
mals it  would  be  true  to  say  that  the  fasciculus  mai^nalis  is 
represented  by  the  stria  medialis.  On  the  other  hand,  the  stria 
medialis  is  not  wholly  made  up  of  the  fasciculus  marginalis, 
since  it  receives  fibers  from  the  other  parts  of  the  precommissural 
system. 

Two  other  points  are  worthy  of  notice  in  this  connection. 
First,  the  relations  in  the  bear  show  clearly  that  the  sulcus 
corptoris  callosi  in  higher  mammals  is  the  fissura  hippocampi, 
strictly  comparable  to  that  of  the  marsupial  or  the  bat.  And 
this  suggests  that  "when  the  perforating  fibers  of  the  fornix  supe- 
rior appear  to  go  to  the  cingulum  they  are  in  reality  only  taking 
a  position  along  the  lateral  border  of  the  reduced  hippocampus. 
The  hippocampus  is  sometimes  enlarged  and  the  hippocampal 
fissure  better  developed  in  front  of  the  corpus  callosum  or  beneath 
the  genu,  as  in  the  bear  and  the  rat  (figs.  58,  77).  Second,  the 
recognition  that  the  stria  medialis  is  independent  of  the  hippo- 
campus proper  affords  us  a  definite  boundary  line  in  most  mam- 
mals between  the  hippocampal  formation  and  the  residue  of  the 
hippocampal  primordiiun  (i.e.,  septum,  pallial  commissures  and 


Digitized  by  Google 


410  J.  B.  JOHNSTON 

fimbria  system).  This  boundary  line  ia  marked  by  the  fimbrio- 
dentate  sulous.  This  adds  needed  emphasis  to  the  fact  that 
the  corpus  callosum  does  not  itself  mark  this'boundary. 


These  relations  are  readily  understood  in  view  of  the  oonsid- 
erations  in  the  last  section  and  of  the  oonditions  in  selachians. 
In  these  fishes  (fig.  91)  the  pallial  oommissures  are  imbedded  in 
the  hippocampal  primordium,  the  corpus  callosum  dorsal  to  the 
hippocampal  commissure.  Interwoven  with  both  commissures 
are  longitudinal  fibers  of  the  tractus  olfacto-corticalis,  while  the 
columns  of  the  fornix  emerge  from  among  the  fibers  of  the  hippo- 
campal commissure  to  descend  at  either  side  of  the  neuroporic 
recess  as  in  reptiles  and  mammals.  When  in  these  higher  forms 
a  part  of  the  hippocampal  primordimn  becomes  hippocampus 
the  oommissiu-es  remain  imbedded  in  the  undifferentiated  pri- 
mordium and  the  longitudinal  fibers  reach  the  hippocampus 
through  the  residual  primordimn,  retaining  essentially  the  same 
relations  among  themselves.  As  the  hemisphere  elongates,  the 
olfacto-cortical  system  takes  on  the  form  of  a  more  compact  bun- 
dle, the  precommissural  fimbria.  This  is  joined  by  the  fibers 
from  the  nuclei  of  the  lateral  olfactory  tract  running  by  way  of 
the  anterior  perforated  space  and  helping  to  form  the  fasciculus 
precommissuralis.  This  bundle  contains  according  to  Elliot  Smith 
{'97)  and  Cajal  ('04)  many  fibers  which  arise  and  others  which 
end  in  the  septum.  The  efi'erent  fibers  go  in  part  at  least  to 
the  hypothalamus.  The  fibers  which  end  In  the  septum  belong 
chiefly  to  the  olfacto-cortical  system.  A  study  of  the  precom- 
missural system  in  the  opossimi  and  the  rabbit  shows  that  the 
fibers  come  chiefly  from  the  olfactory  tubercle,  anterior  perfor- 
ated space,  nucleus  of  the  lateral  olfactory  tract  and  perhaps 
the  whole  pyriform  lobe.  It  is  the  great  system  of  fibers  by 
which  impulses  are  carried  from  the  area  olfactoria  to  the  hippo- 
campal formation.  Since  many  of  these  fibers  end  in  the  sep- 
tum, the  fiber  relations  of  the  septum  are  not  unlike  those  of 
the  hippocampus  itself. 
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The  relations  of  the  commissures  to  the  fimbria,  fornix  superior 
and  the  stna  Lancisii  are  surprisingly  primitive.  In  marsupials 
and  lower  mammals,  as  in  eelachians,  the  two  commissures  are 
interwoven  with  longitudinal  fibers  of  the  fimbria  system  (otfacto- 
cortical)  on  their  way  to  the  hippocampus.  When  the_^corpus 
calloaum  increased  in  size,  separated  from  the  hippocampal  com- 
missure and  arched  dorsally  to  form  the  splenium,  it  carried  up 
on  its  dorsal  surface  such  fibers  as  ran  over  it.  These  are  the 
stria  medialis  Lancisii.  The  fibers  which  were  interwoven  with 
the  caWosal  fibers  have  retained  that  relation  and  are  the  fornix 
superior  and  perforating  fibers  of  Kolliker;  the  fibers  (olfacto- 
cortical  and  fornix  columns)  which  were  primitively  interwoven 
or  intermingled  with  the  hippocampal  commissure  have  retained 
that  relation  and  form  the  mammalian  fimbria. 

This  interpretation  is  illustrated  in  figures  92  and  93  showing 
the  relations  of  the  fornix  system  to  the  commissures  in  the  bat, 
which  is  intermediate  between  the  marsupials  and  higher  mam- 
mals, and  in  the  rat,  wMch  presents  a  commissure  system  essen* 
tially  like  that  of  man.  F^ures  35  and  38,  showing  the  dispo- 
edtion  of  fibers  in  the  opossum  should  be  compared  with  these. 

REMARKS  ON  THIS  REGION  IN  THE  AMPHIBIANS 

In  the  writer's  study  of  the  selachian  brain  ('11)  comparisons 
were  made  with  the  brain  of  the  frc^  with  reference  to  the  posi- 
tion of  the  primordium  hippocampi  and  its  boundaries.  At  that 
time  the  writer  accepted  the  sulcus  limitans  of  Elliot  Smith  ('03) 
as  the  limit  of  the  hippocampal  formation  and  believed  it  to  be 
the  homologue  of  the  sulcus  which  marks  the  boundary  of  the 
pallium  in  selachians.  On  this  basis  figure  75  of  that  paper 
was  constructed.  As  has  been  stated  elsewhere  in  this  paper, 
the  selachian  sulcus  is  not  the  equivalent  of  the  sulcus  limitans 
of  Smith  in  the  reptile,  while  that  in  the  frog  is  the  same. 

Anyone  who  will  read  the  sununary  of  errors  and  confusion 
in  the  literature  of  the  amphibian  septal  r^on  given  by  Elliot 
Smith  ('03,  p.  495)  will  understand  that  it  would  be  useless  for 
me  to  review  this  literature,  especially  as  the  result  would  be 
to  note  several  additions  to  the  hst,  made  by  later  authors. 
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In  the  medial  wall  of  the  frog  brain  the  sulcus  and  cell-free  zona 
whioh  have  commanded  the  attention  of  all  workers  seems  at 
once  to  divide  the  pallial  from  the  basal  areas  and  to  correspond 
to  the  sulcus  and  zona  limitans  hippocampi  in  the  selachian 
brain.  It  must  be  noticed,  however,  that  a  zona  limitans,  whether 
accompanied  by  a  sulcus  or  not  is  usually  the  expression  of  a 
rearrangement  of  neurones  in  the  adjacent  areas  due  to  func- 
tional or  mechanical  causes  or  both.  In  the  selachian  the  zona 
limitans  in  the  medial  wall  marks  the  line  of  meeting  of  simple 
olfactory  with  the  olfacto-gustatory  correlating  centers.  The 
line  of  demarcation  between  the  two  was  perhaps  determined 
by  the  connection  of  the  neural  tube  with  the  ectoderm  at  the 
neuroporic  recess.  In  the  amphibian  a  second  differentiation 
has  begun  and  is  well  advanced  in  the  frog,  namely,  the  formation 
of  hippocampus.  This  is  marked  by  a  change  of  form  and  rear- 
rangement of  cells  in  the  pallium.  The  cells  are  now  pyramidal 
and  have  their  long  axes  placed  vertically  to  the  brain  surface 
instead  of  being  wholly  without  arrangement.  Such  a  change 
constitutes  a  very  marked  difference  from  the  selachian  brain 
and  leads  to  the  formation  of  a  new  zona  limitans.  Below  this 
zona  limitans  the  neurones  are  scattered  without  any  regularity. 
These  facts,  however,  are  not  sufficient  to  show  that  the  zona 
limitans  separates  pallial  and  basal  areas.  Immediately  below 
the  zona  limitans  appears  a  group  of  large  cells  which  stand  out 
conspicuously  from  the  cells  of  the  remainder  of  thisregion  ('11  a, 
fig.  75,  Herrick  '10,  fig.  40,  n.  medialia  septi).  When  these  cells 
are  examined  it  is  found  that  they  form  a  column  extending 
forward  to  the  olfactory  pedimcle.  This  column  of  cells  corre- 
sponds to  the  "septum"  or  primordium  hippocampi  of  the  turtle's 
brain.  In  the  rather  broad  and  shallow  sulcus  between  it  and 
the  hippocampus  runs  the  fimbria,  as  is  well  known. 

Traced  caudaily  this  column  of  cells  continues  above  the  fora- 
men interventriculare  where  it  is  separated  from  the  developing 
hippocampus  by  a  ventricular  sulcus  and  a  cell-free  zone.  This 
portion  is  known  as  the  pars  fimbrialis  (Kappers)  or  the  supra^ 
foraminal  portion  of  the  paraterminal  body  (Herrick).  The  fim- 
bria runs  in  this  body  to  be  distributed  to  the  posterior  part 
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of  the  hippocampal  formation  and  in  it  the  hippocampal  com- 
missure collects  before  it  descends  in  the  lateral  wall  behind  the 
foramen.  With  the  exception  of  the  behavior  of  the  hippocampal 
commissure  the  relations  in  the  frog  agree  with  those  in  the 
turtle.  Behind  the  foramen  it  is  not  difficxilt  to  see  that  this 
body  corresponds  to  the  small  primordium  hippocampi  in  this 
position  in  the  turtle  and  the  sulcus  along  (beneath)  which  the 
fimbria  runs  is  the  fimbrio-dentate  sulcus.  Rostral  to  the  fora^- 
men  in  the  frog  there  is  wanting  the  sulcus  which  separates  the 
primordium  hippocampi  from  the  area' parolfactoria  in  reptiles 
and  mammals.  Gaupp  ('97,  figs.  26,  28,  29)  describes  and  figures 
a  narrow  cell-free  zone  between  this  nucleus  and  the  cells  below. 
He  calls  this  column  "ganglion  septi,"  but  it  is  entirely  different 
from  the  nucleus  septi  of  Unger,  Kappers  and  others.  The  en- 
tire lower  half  of  the  medial  wall  has  been  assigned  by  most 
authors  to  the  paraterminal  body  and  it  has  been  assumed  that 
the  paraterminal  body  extends  up  over  the  foramen. 

Now  this  assumption  is  one  of  the  most  inexplicable  things  in 
the  literature  of  forebrain  morphology.  It  is  quite  possible  to 
understand  how  the  great  growth  and  arching  dorsad  of  the 
corpus  callosum  is  mammals  results  in  stretching  up  the  com- 
missure bed  as  set  forth  by  Elliot  Smith.  And  so  long  as  it  was 
thought  that  the  commissure  bed  belonged  below  the  neuroporic 
recess  and  was  related  to  the  lamina  terminaUs  there  was  no 
escape  from  the  logic  of  the  argument  so  far  as  applied  to  mam- 
mals, that  the  paraterminal  body  had  been  stretched  up  into 
the  supraforaminal  position  as  the  septum.  But  in  reptiles  and 
amphibians  there  is  no  such  voluminous  corpus  callosum.  There 
is  therefore  absolutely  no  motive  for  the  extension  of  the  para- 
terzninal  body  up  over  the  foramen.  In  amphibians  there  is 
not  even  a  hippocampal  commissure  extending  up  over  the  fora- 
men from  in  front.  Moreover  it  is  known  that  in  reptiles  at 
least  the  bed  of  the  pallial  commissures  is  supraneuroporic  in 
origin.  The  supposition  that  a  part  of  the  paraterminal  body 
has  migrated  into  the  caudal  part  of  the  hemisphere  above  the 
foramen  is  not  only  not  supported  by  evidence  but  is  quite 
unthinkable  in  view  of  all  the  known  facts. 
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The  writer  would  substitute  for  this  view  the  following  simple 
explanation  of  the  septal  region  in  the  frc^.  Above  and  caudal 
to  the  foramen  the  medial  wall  is  all  pallial.  A  part  of  this 
pallial  area  has  developed  pyramidal  cells  and  may  be  recognized 
as  a  true  hippocampus  in  a  low  stage  of  organization.  The 
remainder  has  retained  the  irregular  arrangement  of  cells  seen 
in  the  selachian  pallium  and  gives  passage  to  the  fimbria  and 
fornix  fibers  as  in  the  reptile.  Rostral  to  the  foramen  there  has 
been  the  same  development  of  hippocampus  but  the  residue  of 
hippoeampal  primordium  is  smaller  and  the  line  of  demarcation 
between  this  and  the  area  parolfactoria  has  been  obscured  in 
part.  At  the  same  time  a  new  sulcus  has  developed  in  the 
medial  surface.  This  sulcus  forms  along  the  line  of  demarcation 
between  the  pyramidal  and  irregular  cells.  The  elongation  of 
the  hemisphere  has  led  to  the  formation  of  the  fimbria  just 
below  this  sulcus,  through  the  collection  of  many  fibers  of  the 
olfacto-cortical  system,  on  their  way  to  the  caudal  part  of  the 
hippocampus.    This  sulcus  is  therefore  the  fimbrio-dentate  sulcus. 

Each  element  in  the  above  explanation  is  perfectly  simple  and 
direct.  There  is  no  supposition  that  great  miisses  of  cells  have 
migrated  half  the  lei^th  of  the  hemisphere  without  motive.  The 
only  point  of  obsciu-lty  is  the  line  of  separation  between  the 
primordium  hippocampi  and  the  area  parolfactoria.  Since  this 
is  perfectly  clear  in  reptiles  and  manunals  it  is  quite  legitimate 
to  accept  the  hypothesis  that  in  the  frog  it  has  lost  somewhat 
in  definiteness  because  of  the  small  volume  of  the  residual  pri- 
morditmi  hippocampi. 

GENEftAL  OBSERVATIONS  AND  SUMMARY 

When  the  results  of  the  present  series  of  studies  are  reviewed 
it  is  seen  that  great  confusion  prevails  in  the  morphological  con- 
ceptions and  the  nomenclature  of  this  region  of  the  brain.  In 
these  studies  for  the  first  time  there  has  been  built  up  a  connected' 
accoimt  of  the  evolution  of  the  telencephalon  b^inning  with 
primitive  brains  and  taking  into  consideration  the  factors  and 
processes  by  which  the  form  of  the  mammalian  telencephalon 
have  been  determined.    Briefly  summarized,  these  processes  are 
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the  following:  fa)  The  olfactory  placode  retards  the  closing  of  ' 
the  neural  tube,  causing  the  formation  of  the  anterior  neuropore. 
The  neuroporic  recess,  seen  in  most  vertebrate  brains,  marks  the 
dorsal  or  caudal  border  of  this  neuropore.  (b)  Early  in  verte- 
brate history  the  somatic  sensory  nerve  of  the  telencephalic 
segment  is  greatly  reduced  or  disappears  while  the  olfactory  nerve 
is  very  large  in  lower  vertebrates.  No  motor  nerve  is  present  in 
this  segment,  (c)  The  olfactory  fibers  enter  the  visceral  sensory 
column  in  the  telencephalon  and  cause  a  great  hypertrophy  of 
this  column,  which  rises  up  in  the  brain  wall  and  pushes  the 
somatic  sensory  column  to  the  lateral  surface  ('11  a,  p.  41;  '11  b, 
p.  497,  513-517).  (d)  The  hypertrophy  of  the  visceral  sensory 
columns  together  with  the  slight  growth  of  ventral  columns  near 
the  optic  chiasma  has  produced  a  forebrain  flexure  such  that  the 
visceral  sensory  column  takes  the  form  of  a  letter  U.  The  basal 
limb  of  the  U  is  occupied  by  secondary  olfactory  centers,  its  dorsal 
limb  adjacent  to  the  diencephalon  by  the  olfacto-gustatory  cor- 
relation center  ('12  b,  p.  369).  The  formatio  olfactoria  is  sit- 
uated in  the  base  of  the  U  and  receives  the  olfactory  nerve.  The 
space  between  the  limbs  of  the  U  is  filled  by  somatic  sensory  area. 
(e)  The  evagination  of  the  hemisphere  begins  first  at  the  formatio 
olfactoria,  involves  gradually  the  olfactory  bulb  and  later  the 
olfacto-gustatory  correlation  center  and  finally  the  somatic  sen- 
sory area  ('11  a,  p.  42;  '12  b,  p.  363).  The  evagination  does  not 
modify  the  fundamental  relations,  (f)  The  absence  of  a  primary 
somatic  sensory  nerve  in  the  telencephalic  s^ment  left  the  somatic 
sensory  column  free  to  serve  correlating  functions  for  cutaneous, 
kinaesthetic,  visual  and  other  somatic  impulses.  This  has  been 
the  controlling  factor  in  the  development  of  the  general  cortex 
('10  b).  The  assumption  of  terrestrial  life  has  led  to  the  rapid 
development  of  this  somatic  area,  and  its  expansion  has  pushed 
the  secondary  olfactory  centers  and  olfacto-gustatory  center  into 
the  positions  occupied  in  mammals  by  the  pyriform  lobe  and  the 
hippocampal  formation  respectively,  (g)  Interrelations  between 
the  somatic  area  and  the  several  regions  of  the  visceral  column 
have  resulted  in  the  development  of  special  centers;  from  the 
larger  part  of  the  olfacto-gustatory  center  a  hippocampus;  fi-cm 
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contiguous  parts  of  the  medial  olfactory  nucleus  and  somatic 
area,  the  corpus  striatum;  and  from  contiguous  parts  of  the 
lateral  olfactory  nucleus  and  somatic  area,  the  pyriform  lobe. 
The  details  of  all  these  processes  remain  yet  to  be  worked  out. 

In  the  present  paper  we  are  concerned  chiefly  with  the  rela- 
tions in  the  medial  wall  of  the  hemisphere  and  not  with  the  general 
cortex  or  the  pyriform  lobe.  The  main  questions  at  issue  are  the 
identification  in  reptiles  and  mammals  of  the  basal  olfactory 
center  (medial  olfactory  nucleus  or  area  parolfactoria)  and  the 
equivalent  of  the  massive  roof  of  the  selachian  telencephalon,  the 
boundary  line  between  the  two,  and  the  position  of  the  forebrain 
commissures  with  relation  to  these  two  bodies.  The  result  of 
our  study  has  been  to  show: 

1.  That  the  neuroporic  recess  is  situated  just  above  the  anterior 
commissure  and  below  the  anterior  pallial  commissure  and  be- 
tween the  pillars  of  the  fornix  when  those  structures  are  present. 
It  is  the  recessus  triangularis  of  Schwalbe  and  recessus  inferior  of 
ElUot  Smith. 

2.  The  boundary  line  between  roof  structures  and  area  parol- 
factoria is  marked  in  reptiles  and  many  mn.mmftls  by  a  groove' 
running  rostrad  from  the  neuroporic  recess  Ln  the  ventricular  sur- 
face of  the  medial  wall  and  by  a  zona  limitans  in  the  structure  of 
the  wall.  The  zona  limitans  and  ventricular  sulcus  are  both  the 
expression  of  functional  differentiation  of  adjacent  centers  and 
indicate  a  rearrangement  of  the  neurones  in  the  gray  matter  ad- 
jacent to  the  ventricle. 

3.  The  structures  dorsal  to  this  zona  limitans  include  the  hip- 
pocampal  formation  proper  and  the  septum  pellucidum  or  its 
equivalent  in  the  brains  of  lower  mammals  and  reptiles.  These 
structures  are  all  developed  out  of  the  roof  of  the  selachian  brain, 
called  by  the  writer  the  primordium  hippocampi. 

4.  The  structures  ventral  to  this  zona  limitans  include  a  nucleus 
lateralis  closely  related  to  the  head  of  the  caudate  nucleus,  a 
nucleus  medialis  on  the  medial  surface,  islands  of  Calleja  and 
the  tuberculum  oUactorium. 

5.  The  hippocampal  formation  gradually  differentiates  a  cor- 
tical layer  in  the  medio-dorsal  region  of  the  hemisphere  and,  as 
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Elliot  Smith  and  Levi  have  shown,  the  most  medial  border  of 
this  gives  rise  to  the  fascia  dentata.  Dorsal  to  the  fascia  den- 
tata  the  hippocampus  folds  inward,  on  account  of  pressure  from 
the  expanding  general  cortex  and  perhaps  other  causes.  This 
infolding  produces  the  hippocampa!  fissure,  which  is  known  in 
embryos  by  the  name  fissura  arcuata.  This  fissm-e  is  not  present 
in  the  reptiles  studied  by  the  writer. 

6.  The  septum  pellucidiun  in  lower  mammals  consists  of  a 
thick  mass  of  gray  matter  which  imbeds  the  fornix  system  and 
its  commissure,  becomes  continuous  with  the  hippocampal  forma- 
tion beneath  the  splenium  of  the  corpus  callosiun  and  is  con- 
nected with  the  supracallosal  hippocampus  by  columns  of  cells 
between  the  bundles  of  the  commissures.  Rostrad  the  septum 
is  continuous  with  the  indusium  around  the  genu  corporis  eallosi 
and  extends  forward  ventral  to  the  precallosal  hippocampus  to 
the  olfactory  peduncle.  This  septum  pellucidum  represents  a 
part  of  the  roof  of  the  selachian  forebrain  (primordium  hippo- 
campi) which  has  remained  in  a  low  stage  of  development.  In 
this  rostral  continuation  of  the  septum  pellucidum  there  runs  a 
longitudinal  bundle  of  fib^  which  are  collected  from  the  basal 
(factory  centers  and  reach  the  hippocampus  either  throu^  the 
fimbria  or  by  way  of  the  stria  Lancisii.  Between  this  fimbria^ 
btmdle  and  the  fascia  dentata  a  sulcus  appears  in  reptiles  and 
mammals  which  is  the  fimbrio-dentate  sulcus  of  humian  anatomy. 

7.  The  use  of  the  term  primordium  hippocampi  in  the  sense 
which  is  given  to  it  in  this  paper  requires  some  comment.  The 
term  is  used  by  me  to  denote  that  lowly  organized  pallial  mass 
in  the  selachian  brain  from  part  of  which  the  hippocampal  forma- 
tion has  developed.  It  is  also  used  for  the  homologous  mass  in 
cyclostomes  where  it  is  situated  in  the  telencephalon  medium.  It 
is  also  used  for  the  residue  which  is  left  from  this  mass  in  hi^er 
vertebrates  after  the  hippocampal  formation  has  been  developed. 
This  residue  is  the  body  long  known  as  the  septum  pellucidum. 
The  hippocampal  formation  and  septum  t(^ether  constitute  a  con- 
tinuous mass  of  gray  matter  which  thickens  the  lamina  supra- 
neuroporica  and  forms  the  bed  for  the  hippocampal  eommissure 
and  corpus  callosum. 
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The  term  primordium  hippocampi  was  first  used  by  Elliot 
Smith  ('03)  to  designate  that  portion  of  the  reptilian  and  am- 
phibian hemisphere  which  corresponds  to  the  mammalian  hippo- 
campal  formation.  When  the  writer  realized  that  the  body  in 
the  brain  of  fishes  which  he  had  called  'epistriatum'  was  in  real- 
ity the  forerunner  of  the  hippocampus,  he  adopted  the  name  pri- 
mordium hippocampi.  At  that  time  the  writer  supposed  that 
his  primordium  hippocampi  in  fishes  was  approximately  equiva- 
lent to  Elliot  Smith's  primordium  hippocampi  in  reptiles.  It  now 
appears  that  the  primordium  hippocampi  of  the  writer  includes 
the  body  to  which  Elliot  Smith  gave  the  same  name  plus  the 
equivalent  of  the  septum. 

The  most  important  matter  is  that  the  exact  meaning  of  terms 
be  understood.  Upon  the  lesser  question  as  to  what  terms  are 
most  appropriate  a  few  words  may  be  said.  Elliot  Smith's  pri- 
mordium hippocampi  is  the  equivalent  of  the  hippocampus  and 
fascia  dentata.  In  the  reptilian  brain  it  is  bounded  by  a  sulcus 
which  he  called  sulcus  limitans  hippocampi.  This  name  is  lit- 
erally appropriate  and  it  is  now  clear  that  the  sulcus  in  selachians 
to  which  the  writer  applied  the  same  name  is  an  entirely  dififerent 
sulcus.  The  sulcus  limitans  hippocampi  of  the  frog  as  recog- 
nized by  Herrick  and  the  writer  is  the  same  as  that  in  reptiles. 
It  is  shown  in  this  paper  that  this  sulcus  lies  between  the  fascia 
dentata  and  the  fimbria.  Since  the  term  sulcus  flmbrio-dentatus 
is  in  common  use  and  clearly  understood  in  descriptions  of  the  hu- 
man brain,  it  can  be  used  for  this  sulcus  in  reptiles  and  amphib- 
ians and  the  term  sulcus  limitans  becomes  unnecessary.  There  is, 
however,  need  for  a  term  to  designate  the  boundary  between  the 
pallial  and  sub-pallial  areas  in  the  medial  wall.  This  is  what  Elliot 
Smith  attempted  to  do  by  his  term  sulcus  limitans.  It  is  to  this 
sulcus  which  limits  the  pallium  that  the  writer  has  applied  the  name 
sulcus  limitans  hippocampi.  This  term  is  inappropriate  because 
of  the  extreme  divei^ence  in  structure  between  the  hippocampus 
and  septum  in  mammals,  although  they  are  indistinguishable  in 
selachians,  and  remain  similar  in  function.  What  is  needed  is 
some  term  to  indicate  that  the  septum  belongs  to  the  pallial 
area.     This  suggests  such  terms  as  sulcus  marginalis  pallii  or 
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fovea  limbica  medialis,  or  sulcus  rhinalis  medialis.  Since  the 
term  sulcus  rhinalis  (lateralis)  is  used  for  the  sulcus  which  marks 
the  boundary  between  the  pallium  and  the  olfactory  area  laterally, 
the  term  sulcus  rhinalis  mediaUs  seems  peculiarly  appropriate 
for  this  sulcus  in  the  medial  wall.  In  other  words,  the  writer 
having  used  the  term  sulcus  limitans  hippocampi  throughout  this 
paper  in  the  same  sense  as  in  former  papers,  would  now  sub- 
stitute for  it  the  term  sulcus  rhinalis  medialis.  The  term  sulcus 
limitans  hippocampi  of  Elliot  Smith  is  synonymous  with  the 
term  sulcus  fimbrio-dentatus. 

As  for  the  term  primordium  hippocampi,  the  writer  believes 
that  it  is  best  to  retain  this  to  include  the  equivalent  of  hippo- 
campal  formation  plus  septum  pellucidum.  Two  considerations 
strongly  support  this.  The  one  is  that  the  two  are  undivided  and 
indistinguishable  in  fishes,  the  other  is  that  the  fimbria  is  usually 
considered  to  be  an  integral  part  of  the  hippocampal  formation 
but  is  separated  from  ElUot  Smith's  primordimn  hippocampi  by 
his  sulcus  limitans. 

8.  The  hippocampal  commissure  and  corpus  callosum  corre- 
spond in  all  their  morphological  relations  to  the  two  commissures 
in  the  roof  of  the  telencephalon  in  selachians  which  are  related 
respectively  to  the  primordium  hippocampi  and  the  somatic  sen- 
sory area.  The  marsupial  Didelphys  possesses  true  corpus  cal- 
losum fibers  running  in  the  dorsal  forebrain  commissure.  This 
is  apparently  the  typical  condition  in  selachians,  marsupials  and 
mammals.  A  corpus  callosum  has  not  been  certainly  demon- 
strated in  reptiles. 

9.  The  development  by  ElUot  Smith  of  the  idea  that  the  pallial 
commissures  are  originally  imbedded  in  the  sub-pallial  parater- 
minal  body  and  that  the  great  development  and  arching  up  of  the 
corpus  callosum  has  stretched  and  raised  up  the  paraterminal 
body  to  form  the  septum  pellucidum,  has  led  to  the  recognition 
of  a  large  body  situated  above  the  foramen  of  Monro  which, 
although  apparently  in  a  pallial  position,  has  had  a  sub-pallial 
origin.  This  is  the  body  known  in  the  work  of  recent  writers 
as  the  supraforaminal  portion  of  the  paraterminal  body.  This 
body  in  Uzards  not  only  forms  a  bed  for  the  anterior  pallial  com- 
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missiire  but  extends  back  in  the  medial  wall  of  the  hemisphere 
beneath  the  hippocampus  to  the  posterior  pole,  where  it  forms 
the  bed  for  the  posterior  pallial  commissure  also  (Eltiot  Smith, 
'03,  Herrick  '10). 

In  the  light  of  the  whole  content  of  the  present  paper  it  is 
obvious  that  the  writer  would  regard  the  supraforamlnal  mass  in 
question  as  not  belonging  to  the  paraterminal  body  at  all  but 
to  the  pallium.  It  is  without  question  derived  from  the  pallium 
of  the  selachian  brain  and  is  related  to  the  lamina  supraneuro- 
porica  and  not  to  the  lamina  terminalis.  The  term  paraterminal 
body  should  be  restricted  to  the  basal  olfactory  centers  in  the 
medial  wall  which  are  in  relation  with  the  lamina  terminalis. 
This  body  never  reaches  above  the  foramen  to  any  significant 
extent.  The  writer  has  recognized  a  small  projection  of  the  pars- 
tenninal  body  above  the  foramen  in  selachians  but  it  is  of  no  im- 
portance.    Nearly  the  same  condition  exists  in  the  mole. 

The  general  relations  of  the  gray  masses  below  the  neuroporic 
recess  and  the  zona  limitans  are  clear.  Although  we  by  no 
means  understand  all  the  factors  which  have  called  forth  special 
collections  of  neiu'ones  in  this  region,  we  may  say  that  they  all 
belong  to  the  medial  portion  of  the  olfactory  lobe  or  the  medial 
olfactory  area.  The  tuberculum  olfactorium  is  a  basal  nucleus 
related  at  its  two  borders  with  the  lateral  and  medial  olfactory 
nuclei.  It  consists  of  a  deeper,  more  compact,  layer  containing 
islands  of  Calleja  and  of  a  superficial  layer  of  loosely  scattered 
cells.  Both  these  layers  are  continued  into  the  medial  wall  where 
the  superficial  cells  form  a  broad  thin  plate  on  the  medial  surface. 
Between  the  tuberculum  and  the  ventricle  is  the  massive  head 
of  the  caudate  nucleus  and  this  extends  around  the  ventral  ar^le 
of  the  ventricle  to  form  the  deep  layer  of  the  medial  wall.  There 
are,  therefore,  superficial,  middle  and  deep  layers  of  cells  in  the 
medial  wall.  The  several  cell  t^gregates  have  been  designated 
by  various  authors  by  such  names  as  nucleus  septi,  nucleus  ac- 
cimibens  septi,  nucleus  medianus  septi,  and  so  forth. 

The  term  'septum'  has  been  applied  to  two  independent  struc- 
tures in  the  telencephalon,  the  septum  pellucidum  of  higher  mam- 
mals and  the  medial  olfactory  nucleus  or  area  in  the  medial  wall 
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of  the  bnun  of  reptiles  and  amphibians.  It  has  been  the  belief  of 
most  authors  that  this  so-called  septum  in  amphibians  and  rep- 
tiles is  the  equivalent  of  or  is  intimately  associated  with  the  sep- 
timi  peUucidum  of  mammals.  In  reahty  it  includes  both  the 
medial  olfactory  nucleus  and  the  equivalent  of  the  septum  pel- 
lucidum  of  mammals.  Adolf  Meyer  ('92)  and  linger  ('06)  distin- 
guished the  septum  pellucidum  as  an  independent  structure  in 
reptiles.  The  terms  'nucleus  septi,'  'nucleus  lateralis  septi,'  and  bo 
forth,  are  confusing  and  require  revision.  The  nucleus  septi 
(Unger;  nucleus  accumbens  septi,  Kappers)  is  said  by  these 
authors  to  beloi^  to  the  striatum  and  not  to  the  septum.  It  is 
divided  by  Herrick  (fig.  43)  into  nucleus  accumbens  septi  and 
nucleus  lateralis  septi.  The  latter  nucleus  includes  in  addition  a 
great  pwi;  of  the  eqxiivalent  of  the  septum  peUucidum  (figs.  47, 
61,  56,  64,  66).  The  term  'nucleus  medianus  septi'  is  used  by 
Herrick  for  part  of  the  primordiimi  hippocampi  (figs.  43,  61),  and 
also  for  the  superficial  layer  of  cells  in  the  area  parolfactoria  (fig. 
66).  In  other  words,  the  lateral  and  medial  nuclei  'of  the  septum' 
each  contains  a  part  of  the  parolfactory  and  a  part  of  the  paUial 
areas.  Similar  inconsistencies  appear  in  the  work  of  other 
authors.  Generally  speaking,  recent  authors  have  followed  Elliot 
Smith  in  regarding  the  septum  of  mammals  as  a  derivative  of 
the  paraterminal  body  which  is  basal.  They  have  consequently 
applied  the  term  septum  to  the  basal  part  of  the  medial  wall  in 
reptiles  and  amphibians.  In  this  way  the  term  septum  has  been 
made  to  include  both  basal  olfactory  and  pallial  areas.  For  this 
reason  all  reference  to  the  septum  should  be  eliminated  from  the 
names  hereafter  used  for  the  several  nuclei  belonging  to  the  basal 
olfactory  areas.  With  this  in  view  I  have  adopted  the  term,  area 
parolfactoria,  and  have  called  the  superficial  layer  of  cells  the 
nucleus  parolfactorius  medialis  and  the  deep  layer  which  is  so 
closely  related  to  the  caudate,  the  nucleus  parolfactorius  lateralis. 
It  should  be  noted  that  this  area  corresponds  nearly  to  the  area 
parolfactoria  of  Broca,  and  that  the  writer  regards  as  very  un- 
fortunate the  recent  use  of  the  term  to  designate  the  tuberculum 
olfactorium  or  an  adjacent  part  of  the  anterior  perforated  space 
(lobus  parolfactorius,  Edniger  '08,  p.  260;  eminenza  paraolfat- 
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toria,  Beccari  '11).  A  discussion  of  the  relations  and  terminol(%y 
of  the  region  surrounding  the  tuberculum  olfactorium  must  be 
reserved  for  another  time. 

The  general  results  of  the  foregoii^  study  should  be  summa- 
rized lest  the  interest  in  various  details  should  overshadow  the 
main  significance  of  such  a  comparative  study.  The  reptilian 
and  mammalian  equivalents  of  the  pallial  and  basal  areas  of  the 
selachian  telencephalon  and  the  boundary  between  them  have 
been  accurately  defined  so  far  as  the  medial  wall  is  concerned. 
It  has  been  shown  that  the  septum  pellucidum  or  its  equivalent 
is  a  derivative  not  of  the  basal  olfactory  area  but  of  the  palUal 
area.  It  is  the  unchanged  residuum  of  the  selachian  pallium 
after  the  hippocampal  formation  is  developed.  The  fusion  of  the 
two  septa  (hippocampal  primordia)  in  the  lamina  supraneuro- 
porica  forms  the  bed  for  the  passage  of  the  pallial  commissures 
between  the  hemispheres.  It  is  shown  that  the  two  commis- 
sures in  the  selachian  pallium  hold  essentially  the  same  relations 
to  all  structures  in  the  median  region  as  are  held  by  the  hippo- 
campal commissure  and  corpus  callosum  in  mammals.  It  is 
therefore  strongly  probable  that  the  commissure  of  the  somatic 
area  in  the  selachian  telencephalon  is  the  true  forerunner  of  the 
mammalian  corpus  callosum.  The  final  determination  whether 
this  is  true  or  not  will  come  with  the  further  study  of  the  history 
of  the  somatic  area  and  the  clear  demonstration  of  corpus  cal- 
losum fibers  in  reptiles  and  dipnoi. 

The  writer  wishes  to  correct  here,  with  due  apology  to  the 
authors  concerned,  an  unfortunate  slip  made  in  an  earlier  pub- 
lication. In  the  paper  on  the  selachian  brain  ('11  a,  p.  58,  sec. 
40)  occurs  a  sentence  which  should  read  as  follows:  "The  terms 
neopaUium  (Elliot  Smith)  and  archipaUium  (Edinger)  are  there- 
fore not  appropriate."  I  was  acquainted  with  Professor  Smith's 
disclaimer  of  the  term  archipallium  (Anat.  Anz.,  Bd.  35,  p.  429) 
and  it  was  my  express  intention  in  the  sentence  quoted  to  credit 
the  two  terms  to  their  proper  authors.  Through  some  inexph- 
cable  error  the  names  became  interchanged  and  the  mistake  was 
not  noticed  until  recently. 
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a.h,,  aasociation  bundles  of  the  hippo- 
campus 
tdv.,  alveus 

a.t.,  angulus  termmalis 
b.o.,  bulbua  oKoctorius 
c,  chorda  dorealiB 

c.a.,    commissura   aaterior;    alao    the 
commissural  bundle  of  the  olfactory 

d>l.,  cerebellum 

C.C.,  corpus  callosum 

e.d.,  cortex  dorsalis 

e.e.,  capsula  externa 

e.f.,  columna  fontcia 

eg.,  cingulum 

e.h.,  commiBSura  hippocampi 

c.i.,  capula  interna 

ch.op.,  chiasma  opticum 

c.L,  cortex  lateralis 

cm.,  corpus  mammillare 

e.poit.,  commissura  posterior 

c.p.a.,  commissura  pallii  anterior 

e.p.p.,  commissura  pallii  posterior 

e.r.,  corona  radiata 

e.g.,  commissura  superior 

e.sl.,  corpus  striatum 

dec.po.,  decussatio  postoptica 

dt'enc.,  diencephalon 

«.,  epiphysis,  pineal  body 

tm.th.,  eminentia  tbalami 

ep.,  epistriatum 

/.,  fornix 

fasc.m.,  fasciculus  marginalia 

f.pc.,  fasciculus  praecommissuralis 

f.d;  fascia  dentata 

/.sag.,  fisHura  sagittalis 

fiex.h.,  hippocampal  flexure 

f.o.,  formatio  olfactoria 

foT.i.,  foramen  i nter vent ricul are 

f.rh.,  fissura  rhinalis 

/.B.,  fornix  superior 

g.,  genu  corporis  callosi 

k.  hippocampus 


kah.,  nucleus  habentilae 

htm.,  hemisphere 

hy,,  hypothalamuB 

hyp.,  hypophysis 

t'.,  indusium 

i.e.,  islands  of  Calleja 

l.pyr.,  lobus  pyriformis 

l.t.,  lamina  supraneuroporica 

l.t.,  lamina  terminalis 

m.,  margo  posterior  pallii,  caudal  mar- 
gin of  the  lamina  supraneuroporica 

n.,  neuropore 

I.e.,  nucleus  caudatus 

n.m.,  nodulus  marginalia 

n.o.a.,  nucleus  olfactorius  anterior 

n.p.L,  nucleus  parolfactorius  lateralis 

n.p.m.,  nucleus  parolfactorius  medialis 

n.t.,  nervua  terminalis 

n.lr.olf.lat.,  nucleus  of  the  lateral  olfac- 
tory tract 

p.,  par&physis 

para'.,  paratenninal  body 

p^.,  perforating  fibers  of  fornix  aupe- 

p.h.,  primordium  hippocampi 
T.e.e.,  rostrum  corporis  calloai 
r.i.,  recessuB  iufundibuli 
r.p.,  recessus  praeopticus 
postopticua 

neuroporicus 
r.n.e.,  recessus  neuroporicus  externus 
r.g.,  recessus  superior 
M.c.c,  sulcus  corporis  callosi 
s.d.,  saccus  dorsalis 
8.«n.,  sulcus  endorhinaiis 
>.f-d.,  sulcus  fimbrio-dentatus 
s.ky,,   sulcus  hypothalamic  us    (sulcus 

Monroi) 
S.I.,  sulcus  limitans  hippocampi 
S.I.H.,  sulcus  limitans  of  His 
S.I.L.,  stria  lateralis  Lancisii 
a.m.,  stria  medullaris 
s.m.L.,  stria  medialis  Lanciaii 
S.O.,  sulcus  olfactoriua 
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«.(.,  Btria  tenninaliG 
«ub.,  eubiculuni  coir 
I.e.,  tela  chorioidea 
I./.,  taenia  fomicis 
thai.,  thalamus 
th.r.,  thalamic  radiations 


1.0.,  tuberculum  olfactorium 
t.p;  tuberculum  posteriua 
tT.olf;  tractus  olfactorius 
tT.op.,  tractua  opticus 
V.I.,  ventriculus  lateralia 
v.tr.,  velum  traoaveraum 
t.l.  zona  limitana 


Fig.  I  Chelydra  Berpeatina,  2  mm.  embryo,  median  sagittal  section  of  the 
anterior  portion  to  show  the  neuropore  and  adjacent  structures.    Magn.  52  diam. 

Fig.  2  Chelydra  serpentina,  4.6  mm.  embryo,  sagittal  section  of  head  to  show 
neuroporic  recess,  lamina  terminalis  and  lamina  aupraneuroporica.  Magn.  52 
diam.    The  section  is  median  in  the  anterior  region. 
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Pig.  4    Ghelydra  serpentina,  9 


I.  embryo,  median  sagittal  section.    MagD. 
L.  embryo,  median  sagittal  section.    MagD. 


„  Google 


SEPTUU,   HIPPOCAMPUS,    PALLIAL   COlfUISBTTKBS 


Pig.  5  Chelydra  serpentina,  10  mm.  embryo,  median  sagittal  aoction.  Magn. 
52  diam.  In  the  6,  9  and  10  mm.  stages  the  lamina  supraneuroporica  grows  in 
thickness.  The  point  of  transition  to  the  tela  is  the  margo  posterior  pallii.  The 
fibers  of  the  anterior  commissure  are  evident  in  this  stage. 

Fig.  6  Chetydra  serpentina,  median  sagittal  section  of  the  brain  of  a  speci- 
men having  a  carapaoe  8  mm.  in  length.  Magn.  17  diam.  The  thickening  of  the 
lamina  supraneuroporica  now  begins  to  encroach  upon  the  reoesaua  neuroporicus, 
which  is  nearly  obliterated  in  the  adult. 
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Fig.  7  Emya  lutaria,  median  sagittal  section  of  the  brain  of  an  embryo  slightly 
more  adranced  than  that  shown  in  figure  6. 

Fig.  8  Human  embryo,  31  mm.  C.  R.  length,  median  sagittal  section  of  brain. 
Huber  aotlection,  No.  XLVII.  In  the  relations  about  the  neuroporic  recesa 
this  embryo  agrees  essentially  with  the  turtle  embryos. 
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Fig.  9  Cietudo  Carolina,  adult,  median  sagittal  section  of  forebrain.  The 
pallial  commiBsure  has  deacendcdintocloeerelatioa  with  the  anterior  commissure  - 
so  that  the  neuroporic  recess  is  Dearly  obliterated.  The  median  Hection  is  accu- 
rately reconstructed  from  sagittal  sections.  The  dotted  outline  of  the  hemi- 
sphere is  diagrammatic.    For  the  explanation  of  the  fibers  shown,  see  text. 
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Fig.  10  A  figure  for  the  comparisoo  of  the  selachian  brain  with  that  of  the 
turtle.  The  right  half  of  the  figure  represeats  a  section  of  the  brain  of  Acaathias 
(from  '11  a,  fig.  75).  The  left  half  represents  a  section  at  a  corresponding  level 
of  the  brain  of  the  turtle.  Both  drawings  were  made  under  the  Edinger  appa- 
ratus and  the  grouping  of  cells  is  accurately  represented.  At  this  level  in  the 
brain  of  Acanthias  the  nucleus  parol factorius  lateralis  appears  to  be  confined  to 
the  medial  wall,  but  farther  roetrad  it  has  a  broad  connection  with  the  deep 
gray  of  the  lateral  wall  quite  as  in  mammals.  It  does  not  appear  that  this  nu- 
cleus represents  an  invasion  of  the  medial  walls  by  the  striatum.  It  is  rather  a 
primary  component  of  the  medial  wall. 
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Figi.  11  to  18  CiBtudo  oftTolma.  Eight  tnmarene  Bootiona  of  the  hanispherM, 
The  right  halt  of  each  eectian  is  drawn  from  a  seriee  stained  with  a  oell  stain, 
the  left  half  from  a  Weigert  series.  Owing  to  variation  between  individuals  and 
to  slight  differences  in  the  plane  of  section  the  outlines  of  the  two  halvea  do  not 
agree  perfectly,  but  the  right  and  left  sides  are  substantially  equivalent.  The 
drawings  were  made  under  the  Edioger  apparatus.  On  the  right  side  eaoh  eell 
is  represented  by  an  ink  dot.  The  number  and  groupii^  of  the  cells  are  accu- 
rately shown,  the  relative  aiie  fairly  well.    Magn.  13  diam. 

Fig.  11  Section  through  the  olfactory  peduncle  and  the  caudal  border  of  the 
formatio  olfaotorU.  It  shows  the  two  ventricular  sulci  separating  from  on« 
another  in  front  of  the  peduncle  (compare  fig.  19).  Between  the  two  is  the  pri- 
mordium  hippocampi  and  above  this  the  rostral  end  of  the  hippocampus. 

Fig.  12  Section  in  the  caudal  part  of  the  peduncle  showing  the  two  ventriou* 
lar  sulci  close  together. 

Figs.  13  and  14  SuocesaiTe  sections  farther  caudad.  The  sulcus  Umitani 
between  the  area  parolfactoria  and  the  primordium  is  better  marked  than  that 
(«.  f-d.)  between  the  primordium  and  hippocampus. 
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Pig.  15  Section  at  about  the  level  where  the  buIcus  limitana  bends  down- 
ward and  is  less  conspicuous  in  transverse  sections.  It  is  marked  by  a  broken 
line  on  the  left  and  on  the  right  by  a  small  cross. 

Fig.  16  A  aectioD  taken  just  at  the  roatral  border  of  the  superior  recese.  The 
section  is  magnified  23  diameters.  The  anterior  pallial  commiseure  rises  at 
either  aide  in  the  hippocampal  primordiuni.  The  two  dense  nuclei  of  small  cells 
near  the  middle  line  are  in  the  roatral  wall  of  the  superior  recess  and  correspond 
in  part  to  the  nodulus  marginalia  of  the  bat  and  rodenta.  A  part  of  thia  nucleus 
is  represented  al^o  by  the  small-celled  nucleua  adjacent  to  the  hippocampal  com- 
;.,  in  figs.  46  and  64).     c.  s.,  recesBua  superior. 
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Fig.  17  Section  at  the  rostral  border  of  the  interventricutar  foramen  paasing 
through  the  commisBures.  At  this  level  the  hippocampal  primordium  rapidly 
decieases  in  site,  as  seen  on  the  left. 
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F1|.  IS    Section  ne&r  the  caudal  border  of  the  foramen.    The  primordiui 
•inall  here  uid  b  nearly  filled  hy  the  fibers  of  the  fimbria. 
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Fig.  19  Ciatudo  Carolina,  dissection  of  the  right  hemisphere  to  ahow  the 
medial  wall  through  the  lateral  ventricle.  Nearly  the  whole  lateral  wall  of  the 
hemisphere  and  the  choroid  plexus  have  been  removed.  The  rough  surfacein 
the  lower  part  repreaenta  the  region  in  which  the  large  fiber  bundles  were  dis- 
sected away  by  meana  of  needles.  The  area  parolfactoria  appears  as  a  some- 
what bean-ahaped  ridge.  Between  this  and  the  foramen  is  the  greater  part  of 
the  primordium  hippocampi.  It  extends  forward  as  a  very  slender  ridge  in  the 
groove  over  the  area  parol  fac  fori  a  and  becomes  enlarged  in  the  olfactory  bulb. 
Compare  figures  18  and  19.  The  light  ridge  over  the  primordium  ia  occupied  by 
the  fimbria. 

Fig.  20  Cistudo  Carolina,  medial  view  of  the  right  hemisphere  after  removal 
of  the  brain  stem.  Note  eapecially  the  slender  primordium  hippocampi  and  the 
fitnbrio-dentate  sulcua  extending  into  the  temporal  region  of  the  hemisphere. 
In  lizarda  the  primordium  is  much  larger. 
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Fig.  21  Opossum  (Iliilclphys  virniiiiaii.ii.  Dinsrttion  of  tlic  right  hemi- 
Bpherp,  as  in  figure  19.  The  area  panilfncturia  is  relatively  much  smaller  than 
in  the  turtle.    The  sulcus  limitans  is  nearly  horizontal  in  position. 

Fig.  22  Opossum,  medial  view  of  the  right  halt  of  the  same  brain  as  shown 
in  figure  21.     Description  in  the  text. 

Fig.  23.  Striped  gopher  (.Spermophilus  tridt-cemlincatus).  Dissection  of  right 
hemisphere  as  in  figure  19.  The  sulcus  limitans  runs  straight  fonvard  from  the 
foramen.  Xole  how  the  fimbriii  continues  directly  caudad  from  the  primordiiim 
hippocampi. 
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Fig.  24  Human  embryo  of  31  mm.  liuber  tolleclion  No.  XLVII.  Model  of 
the  medial  portion  of  the  right  half  of  the  brain.  For  referent-e  letters,  see  figure 
8.  The  model  was  made  from  sagittal  sections  for  the  purpose  of  recona  true  ting 
the  median  plane  and  the  structures  about  the  neuroporic  recess.  Not  enough 
sections  were  included  in  the  model  to  give  the  complete  boundary  of  the  inter- 
ventricular foramen.  The  reeesituB  neuroporicus  is  between  /.(,  and  t.3.  The 
blood  vessels  related  to  it  are  better  drawn  in  figure  8.  Note  the  well-marked 
HuIeuH  hypothalamifus  which  crosses  the  sulcus  iiitiitiins  of  His  to  form  the  sul- 
cus Monroi. 
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Fi^.  25  to  30  Opossum,  a  Beries  of  truuvene  sectiooB  to  show  the  relationi 
of  BtructurM  in  the  medial  wall  ot  the  hemiaphere.  The  right  half  of  each  figure 
ia  drawn  from  a  series  of  cell-preparatioos,  the  left  half  from  a  Weigert  aeriea. 
On  the  right  side  the  cells  of  the  hippocampal  formation  and  adjaoent  structures 
are  drawn  under  the  Edinger  apparatus.  The  magnification  (10  diam.)  ia  too 
low  to  allow  the  form  or  sice  of  the  individual  cells  to  be  represented  in  moat 
oases.  The  grouping  is  accurate.  On  the  left  aide  are  drawn  the  fiber  tracts  of 
the  medial  wall. 

Fig.  26  Opossum,  transverse  section  through  the  olfactory  peduncle.  De- 
scription in  the  text. 

Fig.  26  Opossum,  transverse  section  juat  caudal  to  the  olfactory  peduncle. 
For  the  destination  of  the  medial  olfactory  tract,  see  figure  35.  Note  the  mass 
of  large  cells  in  the  prime rdium  hippocampi. 

Fig.  27  Opossum,  transverse  section  through  the  rostral  end  of  the  caudate 
nucleus  and  olfactory  tubercle.  The  olfacto-cortical  fibers  arising  from  the 
tuberculum  curve  around  the  rostral  surface  of  the  nucleus  parolfactorius  later- 
alis, and  appear  to  be  interrupted  in  this  section.  Note  the  great  extent  of  the 
primordium  hippocampi. 
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Fig.  28  Opossum,  transverse  section  a  short  distance  rostral  to  the  anterior 
aommiaeure.  Note  that  the  nucleus  porolfactoriua  modialia  is  imbedded  in  the 
preoommissural  bundle.  Note  the  continuity  of  the  fascia  dentata  and  the  hip- 
pocampus and  the  close  connection  of  the  primordium  with  both.  The  rostral 
limb  of  the  anterior  pallial  commissure  contributes  moat  of  the  fibers  to  the 
alveuB  at  this  level. 

Fig.  29  Opossum,  transTerse  section  through  the  neuroporic  recess.  Here  is 
Bsen  the  typical  fully  developed  hippocampal  formation  with  the  primordium 
transversed  by  the  anterior  pallial  commissure.  All  above  the  neuroporic  recess 
belongs  to  the  pallium.  The  commissure  was  thicker  in  the  Wei gert  specimen 
tban  in  the  other.    For  the  Stria  medialis  Lancisii  compare  figure  37. 

Fig.  30.  Opossum,  transverse  section  through  the  interventricular  foramen 
and  at  the  caudal  border  of  the  anterior  p&llial  conunisBure.  The  fusion  of  the 
hippocampus  with  the  overlying  dorsal  wall  seen  in  the  right  half  of  the  figure 
occurs  frequently.  In  these  fused  places  fibers  seem  to  pass  from  the  corona 
rodlata  into  the  alveus.  These  would  probably  be  regarded  as  corpus  callosum 
fibers.  Of  the  three  bundles  constituting  the  stria  terminalis  the  middle  one 
enters  the  anterior  commissure,  the  lower  one  passes  beneath  the  anterior  com- 
missure, and  the  upper  one  passes  over  the  anterior  commissure  and  down  in 
front  of  it. 
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Figa.  31  and  32  OpoBsum,  two  transverse  aections  through  the  hippocampal 
formation  to  show  the  relatioiiB  of  the  primordium.  Cell  preparation.  Descrip- 
tion in  text. 

Fig.  33  OpoBsum,  part  of  a  parasagittal  section  cutting  the  rostral  limb  of 
the  anterior  pallial  commissure.    Its  position  is  indicated  by  the  line  6  in  figure  29. 

Fig.  34  Similar  figure  to  the  last,  from  another  specimen.  Section  nearer 
the  median  plane  (line  a,  fig.  29).  Both  figures  show  that  the  conunissure  fibers 
as  they  pierce  the  wall  to  reach  the  alveus  are  arranged  in  larger  and  smaller 
bundles  and  that  between  these  a  considerable  amount  of  space  is  filled  with 
cells  which  establish  continuity  between  the  primordium  hippocampi  and  the 
polymorphic  layer  of  the  hippocampus.    Magn.  60  diam. 


Digitized  by  Google 


J.   B.   JOHNSTON 


Digitized  by  Google 


SEPTUM,   HIPPOCAMPUS,    PALLIAL  COMMISSUKBS  463 


Digitized  by  Google 


ft-o/W' 


Dioilizedb,GoOgk 


SEPTUM,   HIPPOCAMPUS,   PALLIAL  COMMISSURES 


Fig.  67  Section  c&udal  to  the  genu.  A  small  bund  of  hippocampal  cortex  ig 
ae«D  beneath  the  genu  as  in  the  rat.  The  sharp  eeparation  of  the  hippocampal 
primordium  from  the  parolfactory  area  is  more  clear  in  the  rabbit  thaa  in  moBt 
manunalB. 

Fig.  68  Section  a  short  distance  in  front  of  the  anterior  commissure.  Note 
bow  the  precommissural  fibers  in  part  contribute  to  the  fornix  superior  and  in 
part  enter  the  hippocampal  primordium. 

Fig.  69  Section  at  the  level  of  the  neuroporic  recess.  The  fornix  columns 
contribute  to  the  fornix  superior.  The  perforatii)g  fibers  appear  to  enter  the 
cingulum.    It  is  possible  that  they  go  to  the  hippocampus  farther  back. 
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Fig.  70    Section  just  in  front  of  the  foramen.    Description  in  the  text. 
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Figs.  71  to  7fi  Bear  (Ursus  americanus).  Five  transverae  sectiona  from  a 
Wdgert  series.    Magn.  2  diam. 

Fig.  71  Section  through  the  interventricular  foramen.  The  section  cuta  the 
caudal  border  of  the  anterior  commissure.  The  base  of  the  neuroporic  receas 
is  seen  between  the  fornix  columns.  It  extends  forward  throUKh  the  whole  thick- 
nesa  of  the  anterior  commifisure  (see  figs.  72  and  90).  Note  the  prominent  striae 
Lancisii.  The  fimbria  ie  free  from  gray  matter  but  a  few  cells  accompany  the 
fornix  superior. 
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Fig.  72  Section  through  the  hippocEuupal  commiesure,  fornix  columns  and 
neuroporic  recess.  * 

Pig.  73  Section  2.15  mm.  rostral  to  the  last.  The  zona  limitans  is  sharply 
marked  by  the  precommissural  fibers  aa  in  the  opossum  and  rabbit.  Islands  of 
Catleja  come  up  to  this  level  as  in  the  other  forms. 
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Fig.  74  Section  1.1  mm.  rostral  to  the  last.  Note  that  in  the  bear  the 
primorrtium  hippocampi  has  become  almost  thin  enough  to  be  calleil  a  septum 
pellucMuni, 

Fig.  75  SeetioD  behind  the  genu  and  eutling  the  rostrum  beneath.  Note 
that  here  the  indusium  coming  down  around  the  genu  aa  in  all  forms  is  eontinued 
down  from  (he  rostrum  toward  the  olfactory  peduncle.  It  is  diagrammatic  ally 
represented  in  black.  This  is  essentially  the  condition  of  the  hippocampus  in 
the  embryos  of  higher  mammals  and  man. 

Fig.  76  Bear,  a  part  of  the  section  shown  in  figure  73,  drawn  at  a  higher  mag- 
nification.   Description  in  the  text. 
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Fig.  77  Bear,  section  throuKh  the  genu  showing  that  the  indusium  as  it 
curves  beneath  the  genu  ilcvelops  a  complete,  though  small,  hippocampal  for- 
mation with  all  the  typical  parts  present.     Compare  figures  29,  43  and  58. 

Fig.  78  Pig  embryo,  23  mm.  Media!  surface  of  the  right  half  of  the  head. 
The  lamina  terminalis  contnins  the  anterior  commissure.  The  lamina  supra- 
neuroporica  is  only  slightly  thickened.  Between  it  and  the  velum  transversum 
is  the  paraphysal  arch,  the  angulus  terminalis  of  His. 
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Fig.  79  Pig  embryo,  2S  mm.  The  lamina  siipraneuroporica  h  raised  to  a 
more  vertical  position  by  the  growth  of  the  hemisphtTO  and  the  thalamus  is  rela- 
tively crowded.  There  is  still  no  commisHure  visible  in  the  lamina  supraneuro- 
poricB  but  it  is  somewhat  thieker  than  in  the  23  mm,  stage. 

Fig,  80  Pig  embryo,  40  mm.  The  laminu  supraneuroporica  is  still  more 
elevated  and  the  paraphysal  arch  ia  crowded  into  a  deep  narrow  sac,  in  front  of 
the  developing  choroid  plexus.  Now  the  anterior  pallial  commissure  is  evident 
as  a  fibrous  mass  occupying  the  lamina  supraneuroporica.  There  is  up  to  this 
time  no  secondary  fusion  nor  extensive  thickening  in  the  region  of  the 
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Fig.  81  I'lR  embryo,  oO  mm.  ]lii])iil  il('vi'li)i>mciit  i>(  the  aiittTior  |iallial  com- 
iniifsure  hits  proiluccil  a  conditiim  very  ^iinilnr  to  that  of  the  adult  bat.  The 
commiesure  still  occupU-s  the  Umina  suiiraneuro|>oricu  but  also  exieiiilu  forward 
from  its  dorsal  bonier  to  form  a  cresi'enl.  Abovr  the  iTescent  is  seen  the  indu- 
sium  in  a  condition  very  miieh  like  Ihiit  or  the  hippocampal  formation  in  the 
opossum  or  bal,  I  can  find  no  indieation  of  souondary  fusion.  The  rostral  limb 
of  the  eommissurc  is  formed  simply  by  the  invasion  anil  stretching  of  the  dorsal 
border  of  the  lamina  supraneiiroporica  by  utlditional  corpus  callosum  fibers. 
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7^.  82  to  90  DitLgrama  to  illustrate  the  relations  of  the  hippocampuH,  hippo- 
campal  primordium  and  paraterminal  body.  The  medial  surface  of  the  right 
hemisphere  is  drawn  ia  each  case.  The  paraterminal  body  is  shaded  with  hori- 
sontal  lines,  the  hippocampal  primordium  is  dietinguished  by  meanB  of  spindle- 
shaped  spots  or  flecks  and  the  hippocampus  is  in  solid  black.  The  commissures 
are  merely  outlined  with  pen  lines.  All  the  diagrams  except  those  of  the  bat 
and  the  bear  are  drawn  from  dissections. 

Fig.  82  Diagram  of  the  brain  of  a  reptile  to  illustrate  the  relations  of  hippo- 
campus and  paraterminal  body  as  defined  by  Elliot  Smith.  The  outline  is  taken 
from  the  turtle's  brain.  Herrick  recognizes  that  the  narrow  ridge  over  the  fora- 
men in  the  tiu-tle  is  primordium  hippocampi  but  describes  a  much  larger  supra- 
foraminal  portion  of  the  paraterminal  body  in  liiards. 

Fig.  83  Diagram  of  the  brain  of  the  rat  similar  to  the  last.  The  whole 
commissural  system  is  supposed  to  be  imbedded  in  the  paraterminal  body. 
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Fig.  84  Diagram  of  the  forebrain  of  Scylliuin  to  illustrate  the  author's  con- 
ception of  the  relatione.  The  hippocampal  primordium  is  separated  from  the 
paraterminai  body  by  the  neuroporic  recess.  This  primordium  gives  riee  to  two 
structures  in  higher  vertebrates:  hippocampal  formation  and  a  residual  body 
lees  highly  orgtuuEed  which  is  represented  in  mammals  by  the  septum  pellucidum. 
This  residual  etracture  is  represented  in  the  following  diagrams  by  the  flecked 
or  spotted  area. 

Fig.  85  Diagram  of  the  brain  of  the  turtle  to  illustrate  the  view  set  forth  in 
this  paper.  Not  only  in  the  turtle  but  in  lisarde  and  other  reptiles  the  body 
which  runs  along  over  the  foramen,  between  it  and  the  hippocampal  cortex,  is 
hippocampal  primordium. 
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Fig.  86  Diagram  of  the  brain  of  the  opoaum.  This  type  of  brain  has  been 
made  familiar  by  Elliot  Smith's  work.  The  reasons  for  assigning  a  portion  of 
Aofessor  Smith's  paratenninal  body  to  psllial  area  are  set  forth  ia  the  text. 

Fig.  87  Diagram  of  the  brain  of  the  bat.  The  conunissurea  are  poorly  devel- 
oped and  there  ie  nearly  as  close  connection  between  hippocampus  and  its 
primordium  as  in  the  opossum. 
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Fig.  88  Diagram  of  the  brain  of  the  mole.  Although  there  is  a  large  corpua 
calloBum  and  a  eplemum  ia  well  formed,  there  is  an  unusually  large  primordium 
reaching  almost  the  entire  length  of  the  corpus  callosum  and  connecting  with 
the  hippocampal  flexure.  The  boundary  of  the  paratermioal  body  as  it  appears 
in  the  ventricular  surface  is  represented  here.  Reference  to  figure  55  will  show 
that  the  medial  parolfactory  nucleus  rises  much  higher  on  the  outer  surface.  The 
diagram  of  the  rat  brain  following  is  drawn  with  reference  to  the  boundary  on 
the  outer  surface. 

Fig.  89  Diagram  of  the  brain  of  the  rat.  The  gradual  merging  of  the  indti- 
slum  beneath  the  genu  with  the  primordium  is  represented  by  tooth-like  projec- 
tions. The  paraterminal  body  rises  higher  on  the  medial  surface  than  it  does 
next  the  ventricle.  On  the  ventricular  surface  the  boundary  line  runs  almost 
straight  forward  from  the  neuroporic  recess. 
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Fig.  90  Diagram  of  the  aeptal  region  in  the  brain  of  the  bear,  baaed  on  serial 
tranarerse  sections.  The  hippocampai  commissure  is  a  very  thin  band.  The 
gray  matter  in  the  caudal  part  of  the  septum  is  reduced  to  a  very  slender  strand 
accompanying  the  fibers  of  the  fornix  superior. 

Figs.  91,  92,  93  Diagrams  of  the  brains  of  Scyllium,  the  bat  and  the  rat  to 
illustrate  the  relations  of  the  fibers  of  the  fornix  system  to  the  pallial  commis- 
sures. See  section  on  this  subject  in  the  text.  The  arabic  numerals  I,  t,  S, 
have  the  same  significance  as  in  figure  3S. 
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INTRODUCTION 

Although  considerable  work  has  been  done  on  the  hypophysis 
of  elasmobranchs,  many  points  still  remain  concerning  which 
there  has  been  much  discussion  and  which  evidently  require 
further  investigation.  It  was  thought  that  an  intensive  study 
of  the  history  of  this  organ  in  one  form  might  be  of  value. 

The  embryos  used  are  from  the  collection  of  Dr.  R.  E.  Scam- 
mon  and  from  the  large  series  which  form  a  part  of  the  embryo- 

'  This  work  was  begun  while  at  the  University  of  Minnesota  and  completed  at 
Washington  University  Medical  School. 
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logical  collection  of  the  Harvard  Medical  School.*  For  the  pup 
and  adult  stages  special  sections  and  dissections  were  made. 
The  difficulties  in  making  a  dissection  of  the  hypophysis  in  se- 
lachians have  been  noted  by  other  investigatot^.  In  the  present 
work,  it  was  possible  only  after  mmierous  attempts  to  obtain 
a  dissection  showing  the  ventral  lobes  connected  with  the  rest 
of  the  hypophysis.  Graphic  and  wax  reconstructions  of  differ- 
ent embryos  and  parts  of  the  adult  Squalus  were  made. 

LITERATtJRE 
/.  Embryology 

The  literature  on  the  development  of  the  elosmobranch 
hypophysis  may  properly  be  divided  into  two  categories,  one  on 
the  embryology  and  the  other  on  the  adult  anatomy  and  his- 
tology of  this  organ.  Although  the  earlier  work  on  the  hypophy- 
sis in  elasmobranchs  concerned  its  adult  anatomy,  probably 
investigators  have  occupied  themselves  more  with  its  develop- 
ment. Some,  of  course,  have  given  attention  to  both  the 
adult  anatomy  and  the  development  in  the  same  paper  or  in 
a  series  of  articles. 

Miiller  (71)  confirmed  Rathke's  earlier  observations  that 
tbe  hypophysis  is  developed  from  the  mouth.  In  Acanth'as 
vulgaris  and  other  selachians  he  found  that  it  was  composed  of 
a  principal  posterior  part  and  a  secondary  anterior  part.  He 
described  the  position  and  gave  measurements  of  the  size  of  the 
hypophysis  and  of  the  thickness  of  different  parts  of  the  wall  in 
an  Acanthias  embryo  30  mm.  long.  In  a  10  cm.  embryo  of 
Mustelus  be  described  the  tubular  masses  forming  the  hypophysis. 

Balfour  ('74)  briefly  stated  that  the  hypophysis  is  an  out- 
pouching from  the  mouth.  In  1878  he  described  the  hypophysis 
as  being  somewhat  constricted  from  the  mouth  by  the  close  of 

'  Through  the  courtesy  of  the  late  Dr.  Charlee  S.  Minot  I  was  able  to  make  use 
of  the  exteneive  Harvard  Embryological  CoUoction  and  had  the  privile|;es  of  his 
laboratory  diu-iog  the  summer  of  1914.  I  also  wish  to  thank  Dr.  J.  S.  Kingsley 
and  others  of  the  South  Harpswell  Laboratory  for  the  courtesies  ol  that  labora- 
tory tor  a  part  of  the  s 
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'Stage  K.'  Soon  after  this  its  terminal  part  dilates  and  the 
hypophysis  is  completely  constricted  from  the  mouth. 

Reichert  (77)  in  a  description  of  some  cleared  embryos  of 
Acanthias  remarked  on  the  position  of  the  hj'pophysis  and  its 
relation  to  the  notochord.  He  opposed  the  theory  of  the  ecto- 
dermal origin  of  the  hj'pophysis  in  Acanthias. 

Rabl-Ruckhard  {'80)  in  his  work  on  the  relations  of  the  noto- 
chord, confirmed  Miiller's  observations  concerning  the  hypophy- 
sis. He  stated  that  there  is  a  ventral  secondary  outpouch- 
ing from  the  hypophysis  in  a  60  mm.  Acanthias.  In  an  embryo 
corresponding  to  Stage  K  of  Balfour  he  has  perhaps  mistaken 
the  connection  between  the  premandibular  somites  for  the 
hypophysis.  This  seems  probable  from  the  position  as  well  as 
from  the  fact  that  he  found  no  connection  between  this  structure 
and  the  mouth  at  this  time. 

In  1888  Edinger  published  a  paper  on  the  comparative  anatomy 
of  the  forebrain.  He  stated  that  in  Torpedo  the  hypophysis 
is  at  first  a  simple  outpouching  of  the  mouth  which  later  develops 
secondary  outpouchings. 

Sedgwick  {'92)  in  his  work  on  Scyllium  and  Raia  made  the 
statement  that  the  first  rudiment  of  the  mouth  extends  into  the 
pituitary  body. 

Von  Kupfifer  ('94)  reviewed  the  literature  on  the  development 
of  the  hypophysis  and  gave  some  results  of  his  own  work.  He 
thought  that  the  hypophysis  is  not  derived  entirely  from  ecto- 
derm, and  his  observations  on  other  vertebrates  supported  his 
view  that  the  hypophysis  is  partly  of  entodermal  origin. 

Hoffmann  ('96)  described  the  early  stages  in  Acanthias  de- 
velopment. He  stated  that  the  hypophysis  develops  entirely 
from  ectoderm.  He  found  the  first  definite  outpouching  anterior 
to  the  buccopharyngeal  membrane  in  13  to  14  mm.  embryos. 
He  also  described  a  yellowish  pigment  in  the  buccopharyngeal 
membrane  which  could  still  be  seen  in  the  stalk  of  25  mm.  embryos . 

Haller  ('96)  gave  an  account  of  the  development  of  the  hy- 
pophysis in  Mustelus.  He  described  the  position  of  the  organ  in 
a  22  mm.  embryo  and  called  attention  to  the  low  epithelium 
found  at  the  opening  of  the  hypophysis  into  the  mouth.     The 
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connection  with  the  mouth  is  soon  lost  and  in  a  90  mm.  stage 
the  whole  structure  has  come  into  closer  relation  with  the  brain 
floor  and  vascular  sac,  and  has  grown  forward.  The  roof  of  the 
hypophysis  has  become  thickened,  as  have  the  anterior  and 
posterior  ends.  From  the  floor  of  the  caudal  end  two  lateral 
outpouchings  have  developed  which  later  form  the  inferior  sacs. 
In  a  20  cm.  Mustelus  all  parts  of  the  hypophysis  are  quite  well 
developed.  A  vascular  layer  separates  the  roof  from  the  brain 
floor.  The  roof  of  the  inferior  sacs  becomes  thinner.  Haller 
also  described  the  interbypophyseal  canal  joining  the  inferior 
sacs  to  the  superior  part.  He  figured  glandule  outgrowths 
extending  forward  from  it.  From  the  floor  of  the  anterior 
sac  are  several  prolongations  extending  anteriorly  while  from  the 
roof  are  many  smaU  outpouchings.  The  extreme  anterior  end 
shows  many  mitotic  figures  and  is  broken  up.  into  a  network 
by  many  capillaries.  The  floor  at  the  cephalic  end  of  the  ante- 
rior lobe  is  very  thin — this,  Haller  stated,  is  where  the  hypophysis 
is  constricted  from  the  mouth  and  here  the  epithelium  has  re- 
mained of  a  tow  cuboidal  type.  The  head  of  the  organ  is  com- 
posed of  many  closely-crowded  tubules.  These  develop  first  as 
solid  evaginations,  then  the  nuclei  separate  and  rearrange  them- 
selves, later  a  cleft  appears  in  the  protoplasm,  which  cleft  ulti- 
mately connects  with  the  main  lumen. 

Chiarugi  {'98)  briefly  considered  the  hypophysis  in  a  paper  on 
the  description  of  a  prehypophyseal  body  and  the  hypophyseal 
area  in  Torpedo  ocellata.  He  described  a  connection  between 
the  premandibular  somites  and  the  hypophysis  and  figured  a 
median  sagittal  section  of  a  15  nun.  embryo  which  showed  a 
constriction  of  the  hypophysis  from  the  mouth. 

Nishikawa  {'99)  noted  that  the  hypophysis  is  present  as  a 
simple  outpouching  in  32  mm.  Chlamydoselachus  embryos. 
He  made  a  series  of  drawings  of  transverse  sections  which  show 
its  position  at  this  stage. 

SewertzofE  ('99)  in  studying  the  development  of  the  selachian 
skull  took  up  the  interrelation  of  development  of  the  skull  and 
brain.  The  trabeculae  and  parachordal  plates  in  Acanthias 
and  Pristiunis  are  almost  at  right  angles  to  each  other  in  early 
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stages  (figs.  25  and  29).  Later  a  bend  in  the  medulla  and  a 
corresponding  one  in  the  parachordal  plate  changes  the  relation 
of  the  two  cartilages.  Also  the  forebrain  has  shifted  from  a 
position  ventral  to  the  medulla  to  a  more  dorsal  and  rostral 
one  (fig.  1).  Sewertzoff  diowed  the  change  in  position  of  the 
hypophysis  occurring  with  the  change  in  position  of  the  skull 
and  brain  (fig.  23). 

Rossi  ('02)  described  the  development  of  two  lateral  lobes  in 
Torpedo.  These,  he  stated,  develop  very  early  from  the  lateral 
walls  of  the  evagination  forming  the  hypophysis.  He  homolo- 
gized  the  different  portions  of  the  hypophysis  as  he  found  them 
with  those  described  by  Haller,  but  described  two  special  lateral 
lobes  which  he  stated  have  no  homologous  parts  in  Mustelus 
according  to  Haller's  description. 

Gentes  ('06,  '07)  found  a  close  relationship  between  the  vas- 
cular sac  and  the  underlying  hypophysis.  In  several  short 
reports  ('(@)  he  described  the  lateral  lobes  and  the  development 
of  the  inferior  lobes  of  the  hypophysis.  These  two  parts,  he 
stated,  form  a  ventral  pituitary  body.  In  a  loiter  paper  this 
author  ('08)  gave  the  results  of  his  studies  on  the  development 
and  evolution  of  the  hypophysis  in  Torpedo.  He  described 
two  main  parts,  the  superior  and  inferior  sacs.  The  superior 
sac  is  further  divided  into  posterior  and  anterior  parts.  The 
hypophysis  begins  as  an  outpouching  which  in  45  mm.  embryos 
shows  a  beginning  of  its  division  into  the  two  main  sacs.  From 
the  posterior  part  of  the  superior  sac  many  cords  grow  dorsal- 
ward,  these  later  becoming  tubular.  Gentes  homologized  the 
superior  lobe  with  the  anterior  lobe  of  mammals.  The  lateral 
lobes  he  believed  persist  through  life. 

Ziegler  ('08)  in  a  series  of  figures  of  an  embryo  of  Chlamydo- 
selachus,  corresponding  to  Balfour's  Stage  L-M,  showed  the 
hypophysis  as  an  upward  anterior-extending  evagination  from 
the  mouth.    The  connection  with  the  mouth  is  still  a  wide  canal. 

Johnston  ('09)  described  the  hypophysis  in  Acanthias  as  con- 
sisting of  a  short  anterior  portion  which  grows  toward  the  optic 
chiasma,  and  a  longer  posterior  lobe  directed  toward  the  vascular 


Digitized  by  Google 


396  B.   A.   BAUMGARITNER 

Scammon  {'11)  in  the  normal  plate  series  has  figured  the 
hypophysis  in  several  of  the  younger  stages.  He  described  « 
distinct  outpouching  in  7.5  mm.  embryos.  In  18  mm.  embryos 
a  constriction  of  the  anterior  part  of  the  hypophysis  from  the 
mouth  has  begun.  In  24  mm.  embryos  shallow  furrows  sepa- 
rate two  lateral  portions  from  a  median  portion  in  the  posterior 
part.  A  slight  lateral  constriction  separates  the  anterior  and 
posterior  lobes. 

In  1912  Sterzi  described  the  development  of  the  hypophysis 
in  Acanthias.  He  noted  that  the  front  wall  of  the  outpouching 
becomes  dorsal  in  later  embryos.  A  rostral  lobe  develops  which 
is  in  part  anterior  to  the  stalk  connecting  the  hypophysis  to  the 
mouth.  Two  lateral  outpouehings  arise  which  later  form  the 
endocranial  portion.  The  dorsal  lobe  develops  at  the  superior 
end  of  the  early  outpouching.  An  early  differentiation  takes 
place  in  the  cells  of  the  dorsal  lobe.  Buds  grow  out  from  this 
thickened  wall  and  form  epithelial  cords  between  which  are  blood 
vessels  and  nerve  fibers.  Differences  in  the  affinity  for  stains 
distinguish  the  rostral  (and  endocranial)  lobes  from  the  superior 
which  is  the  chromophobic  lobe  in  adults. 

2.  Anatomy  and  histology 

Von  Michlucho-Maciay  ('68)  described  in  Acanthias  and  in 
Scymnus  a  persistent  connection  between  the  mouth  and  the 
hypophysis.  In  his  later  work  (70)  this  investigator  failed  to 
find  such  a  connection  and  believed  his  former  observations  to 
be  incorrect. 

Miiller  (71)  found  in  later  embryos  and  adults  of  Acanthias 
that  the  cells  forming  the  glandular  part  are  columnar  while 
those  toward  the  periphery  of  the  cords  and  tubules  are  spindle- 
shaped,  with  a  finely  granular  cytoplasm.  He  also  noted  the 
large  capillaries  and  the  connective  tissue  between  the  tubules. 

Viault  (76)  briefly  described  the  hypophysis  in  Raia.  The 
hypophysis  is  surrounded  by  a  connective  tissue  sheath  which 
sends  strands  into  the  organ  carryii^  large  capillaries  between 
the  convoluted  tubules.     These  tubules  are  0.015  to  0.007  mm. 


Digitized  by  Google 


DEVELOPMENT   OF  THE  HYPOPHYSIS  397 

in  diameter  and  usually  have  a  small  lumen.  They  are  composed 
of  cylindrical  cells.  The  tongue-like  anterior  end,  he  stated,  was 
of  similar  structure.  He  was  of  the  opinion  that  the  glandular 
portion  arose  from  the  mouth. 

Rohon  (79)  described  an  hypophysis  composed  of  tubules  in 
selachians.  It  is  a  triangular  shaped  organ  with  a  long  tongue- 
like projection  which  extends  forward  almost  to  theoptic  chiasma. 
He  found  no  cavity  within  it.  In  Acanthias  and  Mustelus  the 
hypophysis  is  larger  than  in  Torpedo  and  Scyllium. 

Sanders  ('86)  studied  the  central  nervous  syBtem  of  Scyllium 
and  Acanthias.  He  stated  that  the  hypophysis  is  attached  to 
the  infimdibulum  by  a  glandular  tube  which  lies  between  the 
inferior  lobes.  In  a  drawing  of  the  brain  of  Acanthias  (lateral 
view)  he  figured  the  hypophysis  as  lying  caudal  to  the  inferior 
lobes  of  the  mesencephalon. 

In  1892  Edinger  described  the  mid-brain  region.  In  Torpedo 
and  Scyllium  he  found  the  hypophysis  composed  of  tubules  and 
cords  of  epithehum,  among  which  are  many  blood  vessels.  He 
noted  nerve  fibers  extending  from  the  infundibular  r^on  ven- 
tratward  into  the  hypophysis. 

Haller  ('96)  described  in  detail  the  structure  of  the  hypophysis 
of  a  20  cm.  Mustelus.  He  stated  that  in  the  adult  the  glands 
of  the  head  (superior)  portion  are  tubular.  Secretion  and  cell 
detritus  are  found  in  the  lumina.  He  also  described  an  opening 
in  the  base  of  the  anterior  lobe.  This  is  found  in  the  thin  portion 
of  the  floor  in  the  position  of  the  original  connection  with  the 
mouth,  and  connects  the  cavity  of  the  hypophysis  with  the 
subdural  space. 

Sterzi  ('04)  described  the  hypophysis  in  several  selachians. 
He  found  the  anterior  part  flattened  dorso-ventrally,  extending 
almost  to  the  optic  chiasma  and  containing  a  large  cavity. 
The  posterior  part  is  separated  from  the  remainder  by  con- 
nective tissue.  A  slender  canal  connects  this  to  the  anterior 
portion.  The  superior  part  is  formed  of  anastomosing  cords 
interlacing  with  sinusoids.  The  cords  are  formed  of  a  periph- 
eral layer  of  columnar  cells  and  an  inner  mass  of  polyhedral 
ones.     The  nuclei  of  the  outer  zone  are  rich  in  chromatin.     The 
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polyhedral  cells  contain  small  spherical  nuclei.  The  cytoplasm 
is  granular  and  stains  deeply. 

Pettit  C'06)  made  a  study  of  the  hypophysis  in  Centroscymnus. 
He  mentioned  posterior,  median  and  anterior  parts,  all  com- 
municating. He  found  ramifying  cords  or  tubules  surrounded 
by  sinusoids. 

Burckhardt  ('07,  '11)  in  his  work  on  the  central  neryous 
system  of  selachians  described,  incidentally,  the  hypophysis  in 
Scymnus.  He  recognized  a  terminal,  a  median  and  a  posterior 
lobe.  Apparently  he  included  under  his  division  of  median 
lobe,  the  -caudal  end  of  the  anterior  lobe  of  Sterzi,  or  it  may  be 
that  the  hypophysis  in  Scjinnus  is  quite  different  from  that 
found  in  other  forms. 

Joris  ('08,  '09)  described  the  dorsal  lobe  in  Spinax  and  Mus- 
telus  as  formed  in  part  from  the  hypophyseal  eva^ination  and  in 
part  from  the  infundibulum.  The  cell  cords  arise  from  the 
hypophysis  while  neuroglia  and  nerve  fibres  from  the  infundib- 
ular region  grow  in  between  these. 

In  1909  Sterzi  in  his  comprehensive  work  on  the  central 
nervous  system  of  selachians,  gave  a  clear  description  of  the 
hjTophysis.  According  to  this  description  the  hypophysis  is 
composed  of  perimeningeal  and  endocranial  parts.  The  peri- 
meningeal  portion  is  further  subdivided  into  a  dorsal  and.  a 
rostral  lobe.  The  dorsal  lobe  has  many  columns  from  its  dorsal 
surface.  Among  these  are  numerous  capillaries.  The  rostral 
lobe  is  a  long  flattened  part  extending  almost  to  the  optic  chiasma. 
The  endocranial  part  is  composed  of  two  sacs  connected  medially 
to  one  canal  which  leads  to  the  anterior  or  rostral  lobe.  The 
cords  and  tubules  of  the  dorsal  lobe  anastomose  forming  a  net- 
work in  which  is  a  rich  vascular  supply.  These  are  primarily 
attached  by  means  of  connective  tissue  to  the  base  of  the  brain 
or  vascular  sac.  The  structure  of  these  cords,  Sterzi  had  de- 
scribed before  ('04).  The  dorsal  lobe,  because  it  stained  so  lightly 
he  termed  the  chromophobic  portion.  The  rostral  lobe  has 
tubules  extending  from  its  ventral  walls.  The  ventral  wall  has 
a  distinct  median  ventral  furrow  and  the  tubules  of  cither  side 
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remain  separated.  The  distal  ends  of  the  tubules  are  solid  and 
by  means  of  branches  anastomose  with  the  cords  of  the  other 
tubules.  The  arrangement  of  the  cells  here  is  the  same  as  that 
in  the  dorsal  lobe.  This  portion  stains  more  deeply,  the  capil- 
laries are  smaller  and  less  numerous.  The  endocranial  pori^ion 
in  embryos  is  a  sac  with  folded  walls.  In  the  adult,  many 
tubules  and  cords  have  developed.  In  the  main  this  resembles 
the  rostral  portion  of  the  perimenii^eal  part. 

Tilney  ('11)  in  his  studies  on  the  comparative  histology  of  the 
hypophysis,  stated  that  in  Acanthias  there  b  a  distal  epithelial 
portion  made  up  of  parallel  cell  columns.  The  cells  are  deeply 
acidophilic  with  only  a  few  faintly-staining  acidophilic  ones 
present.  In  the  juxta-neiu-al  part  the  cells  are  lat^r,  usually 
irregularly  disposed,  but  forming  some  acini.  However,  they 
take  the  basic  stains  very  markedly.  He  found  this  portion 
less  vascular  than  the  distal  part.  Tilney  has  homolog^zed  the 
different  portions  of  the  hypophysis  in  the  various  vertebrate 
groups.  The  distal  epithelial  portion  of  selachians  corresponds 
to  the  intermediate  lobe  of  mammals. 

In  1913  Stendell  made  a  comparative  study  of  the  hypophysis. 
He  described  intermediate  and  main  lobes  in  Heptanchus.  In 
the  main  lobe  he  described  the  peripheral  cells  of  the  tubules 
as  of  an  acidophiUc  nature,  while  those  toward  the  center  are . 
basophihc  or  neutral.  -  Stendell  has  homolo^zed  the  parts 
found  in  the  hypophysis  of  selachians  with  those  in  the  higher 
forms  of  vertebrates.  His  homology  agrees  with  that  of  Tihiey, 
i.e.,  the  intermediate  lobe  of  Heptanchus  is  homologous  with  the 
same  portion  in  the  higher  vertebrates,  being  in  Heptanchus 
very  large  and  becoming  smaller  in  the  higher  forms.  The 
ventral  sac  of  the  main  lobe  is  not  found  in  higher  forms. 

There  have  been  many  terms  used  in  the  descriptions  of  the 
different  parts  of  the  elasmobranch  hypophysis.  A  comparison' 
with  figure  1,  which  is  a  drawing  of  a  model  of  the  hypophysis 
of  a  pup,  and  a  table  of  the  terms  employed  may  serve  to  explain 
the  terms  used  in  reviewing  the  literature. 
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Terms  vsed  by  the  various  invetttgaUiTS  for  lk»  different  parla  of  the  eliumobraneh 
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MORPHOLOGY  AND  MORPHOGENESIS 
1 .  Description  of  the  hypophysis  in  the  pup  stage 

A  description  of  the  hypophysis  in  the  pup  stage  may  make 
clear  the  different  parts  of  this  organ.  The  formation  of  tubules 
has  begun  and  the  main  jiortions  or  lobes  are  well  formed  at 
this  time. 

The  anterior  lobe  is  a  tongue-like  process  with  two  somewhat 
wider  extremities;  these  are  comiected  by  a  more  slender  middle 
part  which  is  less  than  one-third  of  the  entire  length.  There  is 
a  deep  sulcus  in  the  median  ventral  wall  which  extends  from  about 
tbe  middle  of  the  posterior  extremity  to  near  the  end  of  the  ante- 
rior extremity  (fig.  1).  Several  other  more  or  less  regular  furrows 
occur  in  the  ventral  surface  of  the  anterior  extremity.  Two 
lateral  constrictions  separate  the  middle  portion  from  the  some- 
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what  more  dorsal  posterior  extremity.  These  extend  as  furrows 
posteriorly  from  the  lateral  dorsal  side  of  the  caudal  end  of 
the  middle  part  (fig.  25),  As  just  stated,  the  posterior  extremity 
is  somewhat  dorsal  to  the  other  parts  of  the  anterior  lobe  and  is 
directly  ventral  to  the  superior  lobe.  Two  deep  horizontal 
furrows  constrict  the  connection  between  the  posterior  extremity 
and  the  superior  lobe. 

The  superior  lobe  is  just  below  the  saccus  vasculosus  to  which 
it  is  closely  attached,  and  is  almost  three  times  as  wide  as  the 
posterior  extremity  of  the  anterior  lobe  (fig.  25).  Its  median 
part  is  about  as  long  as  the  posterior  extremity  of  the  anterior 
lobe,  but  projects  beyond  it  caudally  and  laterally.  The  caudal 
end  extends  somewhat  dorsally.  The  lateral  parts,  or  wings,  of 
the  superior  lobe  project  somewhat  upward  and  forward. 

The  inferior  sacs  extend  laterally  from  a  constricted  median 
connection.  They  are  much  smaller  than  the  wings  of  the 
superior  lobe,  but,  viewed  from  above,  give  the  appearance  of 
two  lesser  caudal  wings.  From  their  median  connection  a  short 
slender  canal  extends  in  a  slightly  oblique  direction  upward  and 
forward  to  connect  with  the  anterior  lobe  (fig.  25). 

Fig.  2  Sagittal  section  of  the  hypophysis  of  an  8  mm.  embryo.  X  40  (H. 
E.G.  210).  H,  hypophysis;  /,  in  fundi  bulum ;  Mo,  epithelium  of  mouth;  Mm, 
median  mass  connecting  the  premandibular  somites;  N,  notochord;  Po,  post 
optic  groove. 

Fig.  3  Sagittal  section  of  the  hypophysis  of  a  15  mm.  embryo.  X  40  (H.E.C. 
228).     For  abbreviations,  see  figure  2. 

Fig.  4  Sagittal  section  of  the  hypophysis  of  a  19  mm.  embryo,  X  40  (H.E.C. 
138).     For  abbreviations,  see  figure  2. 

Fig,  5  Sagittal  section  of  the  hypophysis  of  a  22  mm.  embryo.  X  40  (H.E.C. 
231).  AL,  anterior  lobe;  Med,  median  connection  of  inferior  lobes;  SL,  superior 
lobe;  other  abbreviations  as  in  figure  2. 

Fig.  6  Sagittal  section  of  the  hypophysis  of  a  28  mm.  embryo.  X  40  (H.E.C. 
234).    St,  hypophyseal  stalls;  other  abbreviations  as  in  figure  5, 

Fig.  7  Sagittal  section  of  the  hypophysis  of  a  34  mm,  embryo,  X  40  (H.E.C, 
362).    For  abbreviations  sec  figure  6, 

Fig.  8  Sagittal  section  of  the  hypophysis  of  a  40  mm.  embryo.  X  40  (H.E.C. 
370).    P,  parachordal  plate;  T,  trabeculae;  other  abbreviations  as  in  figure  5. 

Fig.  9  Sagittal  section  of  the  hypophysis  of  a  50  mm.  embryo.  X  40  (H.E.C, 
444).     C,  interhypophyseal  canal;  for  other  abbreviations,  see  figure  8. 

Fig,  10  Sagittal  section  of  the  hypophysis  of  a  pup,  (reconstructed  from  trans- 
verse sections).    X  40.    For  abbreviations,  see  figure  8. 


Digitized  by  Google 


Digitized  by  VjOOQIC 


„  Google 


Digitized  by  Vj  00*:^  IC 


Digitized  b,  Google 


DEVELOPMENT   OF  THE   HYPOPHYSIS  407 

The  position  of  the  adult  hypophysis  has  been  described  by 
Sterzi  ('09)  and  others.  The  long  tongue-like  anterior  lobe  lies  on 
the  median  ventral  wall  of  the  inferior  lobes  of  the  brain.  Its  ante- 
rior end  extends  forward  almost  to  the  optic  chiasma.  The  supe- 
rior part  is  placed  posterior  to  this  and  in  a  more  dorsal  plane.  It 
extends  as  far  caudally  as  the  saccus  vasculosus.  The  inferior 
sacs  of  Squalus  do  not  extend  as  far  ventrally  as  has  been  de- 
scribed for  other  selachians.  But  they  are  ventral  to  the  superior 
lobe  and  extend  farther  eaudalward  {fig.  10) .  From  their  middle 
coimection  a  slender  canal  joins  them  to  the  ventral  side  of  the 
caudal  end  of  the  anterior  lobe. 

S.  Early  development  of  the  hypophysis 
Recent  work  on  the  development  of  the  hypophysis  in  elasmo- 
branchs  shows  that  it  arLses  at  an  earlier  period  than  was  formerly 
believed.  Hoffmann  ('96)  stated  that  the  position  of  the  future 
hypophysis  is  well  marked  in  Aeanthias  embryos  of  15  somites 
but  that  there  is  no  indication  of  an  evagination  even  in  8  mm. 
(50  somites)  and  10  mm,  embryos,  Haller  ('96)  began  his  de- 
scription of  the  hypophysis  in  Mustelus  in  embryos  22  mm.  long. 
At  that  time,  the  hypophysis  is  already  a  distinct  outpouching. 
More  recently  Johnston  ('09)  briefly  described  the  earliest  for- 
mation of  the  hypophysis  in  Aeanthias.  In  an  embryo  of  24 
somites  the  ectoderm  from  which  the  hypophysis  develops  is 
readily  recognized.  He  stated  that  a  short  anterior  lobe,  de- 
veloping later,  extends  toward  the  optic  chiasma.  Also,  that  the 
posterior  part  crowds  between  the  brain  and  the  median  mass 
connecting  the  premandibular  somites.  Scammon  ('11)  men- 
tioned a  thickened  hypophyseal  plate  in  a  5.2  mm.  embryo  and 
a  beginning  evagination  in  a  6.2  mm.  embryo  (50-51  somites). 
A  median  sagittal  section  of  an  Aeanthias  embryo  8  mm.  in 
length*  is  shown  in  figure  2.  The  anterior  superior  end  is  par- 
tially insinuated  between  the  brain  and  the  median  mass  con- 
necting the  premandibular  somites,  as  had  been  noted  by  Johns- 
ton ('09)  in  about  the  same  stage.     During  the  time  that  the 

•  In  the  description  of  the  figures  TI.  E.  C  has  referenre  to  the  embryos  of 
the  Harvard  Embryological  Collection  used  for  thia  study. 


Digitized  by  Google 


408  E.   A.   BAUMGARTNER 

anterior  part  of  the  hypophyseal  evagination  is  growing  between 
the  brain  and  the  median  mass  connectii^  the  premandibular 
somites,  the  posterior  portion  forms  a  more  or  less  prominent 
ridge  caudal  to  the  comiecting  mass  of  the  somites.  A  model 
of  such  an  embryo  shows  as  an  evagination,  the  end  of  which  is  ■ 
grooved  transversely  by  the  median  mass  connecting  the  pre- 
mandibular somites  (fig,  2).  This  groove  may  be  quite  promi- 
nent even  in  11  to  12  mm.  embryos  and  evidences  of  it  are 
usually  to  be  found  at  that  time. 

In  8  mm.  embryos  as  well  as  in  younger  ones  the  anterior  arm 
of  the  hypophyseal  outpouching  shows  differentiation  as  far 
forward  as  the  postoptic  recess  (fig.  2),  Scammon  ('11)  stated 
that  the  notochord  comes  into  contact  with  the  early  hypo- 
physeal outpouching,  and  Sterzi  ('12)  has  shown  such  a  contact 
in  Mustelus  of  8  mm.  (fig.  449).  No  such  contact  has  been 
observed  in  this  study  of  Acanthias. 

A  mid-sagittal  section  of  a  15  mm.  embryo  shows  that  the 
superior  end  of  the  hypophysis  has  now  grown  well  between  the 
brain  and  the  median  mass  connecting  the  premandibular  somites. 
The  evagination  is  more  marked  and  the  anterior  arm  is  longer 
than  in  younger  stages  (fig.  3). 

A  model  of  the  hypophysis  of  an  Acanthias  embryo  19  mm.  in 
length  is  shown  in  figure  11;  this  view  is  taken  from  the  left 
lateral  side.  The  hypophysis  at  this  stage  is  an  anteriorly  and 
dorsally  directed  outpouching,  concave  on  its  ventral  surface 
where  it  hes  in  close  relation  to  the  diencephalon  (fig.  18).  Its 
superior  anterior  end  extends  to  the  infundibular  recess.  The 
ojwning  from  the  pharynx  into  the  hypophysis  is  small.  A 
sagittal  section  at  about  the  median  fine  (fig.  4)  shows  that  the 
thickened  anterior  (ventral)  wall  of  the  hypophysis  extends 
forward  as  far  as  the  postoptic  groove  as  Johnston  ('09)  has 
figured  it. 

Fig.  11  Left  lateral  view  of  a  reconstruction  of  the  hypophysis  of  a  IS  mm. 
embryo.     X  130.     Mo,  lining  of  mouth;  H,  hypophysis. 

Fig.  12  Left  lateral  view  of  a,  reconstruction  of  the  hypophysis  of  a  21  mm, 
embryo.  X  100.  a,  anlage  of  anterior  end  of  hypophysis;  11,  hypophysis;  JL, 
anlage  of  the  inferior  lobes;  Mo,  lining  of  mouth. 


Digitized  by  Google 


Digitized  b,  Google 


410  E.   A.   BAUMOARTNBR 

Several  changes  have  taken  place  in  the  hypophysis  of  a  21  mm. 
embryo.  It  is  still  concave,  both  laterally  and  dorso-ventrally 
in  its  ventro-anterior  surface  (fg.  12).  The  thickened  anterior 
wall  of  the  hypophysis,  reaching  almost  to  the  preoptic  groove, 
is  now  distinctly  evaginated.  Scammon  ('11)  mentioned  this 
closing  off  of  the  anterior  part  in  a  20.6  mm.  embryo  and  Sterzi 
('12)  described  the  formation  of  this  'rostral  diverticulum' 
in  20  to  24  mm.  embryos.  The  lateral  side  of  the  anterior  out- 
pouching is  sharply  demarcated  by  the  formation  of  the  stalk 
connecting  the  hypophysis  to  the  mouth  {fig.  19).  The  anterior 
endatthis  stage  is  almost  half  as  wide  as  the  posterior,  from  which 
most  of  the  hypophysis  is  developed.  The  opening  from  the 
mouth  into  the  early  anlage  is  located  as  before,  but  is  smaller 
now.  A  view  of  a  model  from  the  oral  side  shows  that  the  con- 
striction of  the  front  and  lateral  sides  of  the  anterior  end  of  the 
anterior  lobe  has  begun. 

In  a  22  nun.  embryo  the  hypophysis  (fig.  13)  is  not  as  concave 
as  in  younger  stages.  The  anterior  part  shows  laterally  more 
marked  constriction  from  the  stalk  which  connects  it  to  the  buc- 
cal cavity.  The  anterior  end  is  also  markedly  constricted.  The 
opening  into  the  hypophysis  extends  now  from  this  anterior 
constriction  to  the  posterior  (caudal)  margin  of  the  opening  into 
the  first  outpouching.  The  opening  into  the  first  evagination 
is  very  small  and  connects  the  pouch  with  the  stalk  (fig,  5). 
The  posterior  end  is  wider  transversely  than  before.  On  its 
dorso-lateral  surfaces  are  small  ridges  (fig,  13),  the  anlagen  of 
the  inferior  sacs.  On  the  ventral  surface  of  the  posterior  part 
are  two  slight  lateral  furrows  which  are  beginning  to  separate 
the  inferior  sacs  from  Rathke's  pouch  (fig.  20).  These  furrows 
are  present  in  a  20,6  mm.  embryo,  as  Scammon  ('11)  stated. 
The  lateral  pouches  or  inferior  sacs  appear  as  dilated  cavities 
at  either  side.  The  grooves  or  furrows  are  as  yet  shallow  and 
indistinct.  In  an  18  mm.  embryo,  Scammon  ('1 1)  noted 
the  beginning  of  the  division,  by  slight  furrows,  of  the  posterior 
portion  into  a  median  and  two  lateral  parts.  Some  embryos  do 
indicate  the  beginning  division  of  the  inferior  sacs  about  that 
time  but  the  furrows  are  not  as  prominent  as  the  dilated  cavities. 


Digitized  by  Google 


DEVELOPMENT  OF  THE    HYPOPHYSIS 


Fig.  13  Left  lateral  view  of  a  reconstruction  of  the  hypophysis  of  a  22  mm. 
embryo.    X  100.    For  abbreviations,  see  figure  12. 

In  a  model  of  a  28  mm.  embryo  (fig.  14)  the  entire  anterior 
portion  is  well  closed  off.  It  extends  anteriorly  almost  to  the 
postoptic  recess.  From  its  caudal  surface  a  slender  stalk  con- 
nects the  hypophysis  with  the  mouth  (fig.  6).  The  ventral 
end  of  the  anterior  lobe  is  somewhat  wider  than  the  mid  part 
which  connects  it  with  the  very  much  wider  posterior  portion  or 
Rathke's  pouch  (fig.  21).  Distinct  furrows  on  the  anterior 
(ventral)  side  partially  separate  the  lateral  anlagen  of  the  inferior 
sacs  from  the  original  Rathke's  pouch.  A  slight  ridge  on  the 
caudal  (superior)  surface  joins  the  two  inferior  sacs  (fig.  14). 
In  a  median  sagittal  section  (fig.  6)  a  shallow  groove  marks  the 
connection  between  them.  This  connection  is  dorsal  (caudal) 
to  the  stalk  joining  the  hyjwphysis  to  the  mouth.  On  the  lateral 
dorsal  surface  at  the  posterior  end  of  Rathke's  pouch  two  very 
slight  outpouchings  indicate  the  position  of  the  developing 
superior  lobe  (fig.  14). 
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Fig.  14  Left  lateral  view  of  a  reconstruction  of  the  hypophysis  of-  a  28  mm. 
embryo.  X  100.  a,  ji,  anterior  and  |>osterior  extremities  of  anterior  lobe; 
IL,  inferior  lobc;m,  miiidlepart  of  anterior  lobe;  A/w,  wall  of  mouth  ;S(,  faypophys- 
enl  stalk;  SL,  anlage  of  superior  lobe. 

3.  Later  demlopmenl  of  the  hypophysis 

All  the  main  outpouehings  of  the  hypophysis  are  present  in 
the  28  mm.  embryo.  The  inferior  lobes  are  quite  prominently 
marked  off,  the  anterior  lobe  shows  two  widened  extremities 
and  the  superior  lobe  has  just  begun  to  evaginate.  The  anterior 
end  of  the  hypophysis  in  a  33  mm.  embryo  is  curved  slightly 
forward.  The  anterior  lobe  is  not  so  markedly  concave  antero- 
posteriorly  as  in  earUer  stages  (fig.  7).  The  ventral  (anterior) 
furrows  separating  the  inferior  lobes  from  the  posterior  medial 
portion,  are  now  quite  deep  (fig.  15).  On  the  caudal  side  a  dis- 
tinct ridge  extending  between  the  inferior  lobes  indicates  their 
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Fig.  15  Left  lateral  view  of  reconitt ruction*  of  the  hypophysis  of  a  33  mm, 
embryo.    X  100.    For  abbreviations,  see  figure  14. 

early  connection  with  each  other.  On  the  posterior  tip  of  the 
hypophysis  two  lateral  grooves  mark  the  beginning  constriction 
of  the  superior  lobe  (fig.  22),  the  outpouching  of  which  was 
seen  in  the  previous  stage.  The  stalk  connecting  the  hypophysis 
to  the  pharynx  is  smaller  than  in  earlier  stages. 

The  anterior  lobe  of  the  hypophysis,  particularly  its  anterior 
part,  has  increased  in  length  in  a  40  nun,  embryo.  The  stalk 
joining  the  hypophysis  with  the  mouth  has  disappeared,  with 
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Fig.  16  Left  lateral  view  of  a  reconstruction  of  the  hypophysis  of  a  48  mm. 
embryo.     X  100,    For  abbreviations,  see  figure  14. 

the  exception  of  a  cone-shaped  mass  of  cells  connected  with  the 
oral  epithelium,  and  an  irregular  area  in  the  floor  of  the  hypophy- 
sis which  represents  the  remains  of  the  former  attachment 
(fig,  8),  The  furrow  uniting  the  two  inferior  lobes  across  the 
middle  line  is  more  marked,  and  the  superior  lobe  also  is  promi- 
nent. The  anterior  end  of  the  hypophysis  now  extends  forward 
and  downward.  The  straightening  out  of  the  head  bend  in  the 
development  of  the  embryo  has  probably  helped  to  bring  about 
this  change. 

More  marked  changes  have  taken  place  in  a  48  mm.  embryo 
(fig.  16).  The  anterior  end  of  the  anterior  lobe  is  wider  than  in 
earlier  stages.  A  short  and  narrow  middle  part  connects  this 
portion  with  the  caudal  extremity  which  is  considerably  wider 
(fig.  23).  The  inferior  lobes  are  attached  to  the,  now,  ventral 
(caudal)  side  of  this  part.  The  ridge  connecting  the  two  infe- 
rior lobes  has  become  very  pronounced  but  still  opens  widely  into 
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the  anterior  lobe  (fig.  16).  The  furrows  separating  the  inferior 
lobes  from  the  anterior  are  much  deeper  and  wider.  The  in- 
ferior lobes  have  enlarged  in  their  dorso-ventral  and  in  their 
transverse  diameters,  and  they  extend  laterally  beyond  the  pos- 
terior extremity  of  the  anterior  lobe.  Marked  development 
has  taken  place  in  the  superior  lobe.  The  lateral  furrows  sepa- 
rating it  from  the  anterior  one  are  deeper,  and  the  cranio-caudal 
length  of  the  lobe  has  increased  so  that  there  is  a  projectioncau- 
dally  beyond  the  anterior  lobe.  The  antero-lateral  ends  of  the 
superior  lobe  have  grown  forward. 

The  median  connection  of  the  inferior  lobes  is  constricted  from 
the  posterior  (ventral)  part  of  the  anterior  lobe  in  a  50  mm. 
embryo.  The  inferior  lobes  are  directly  ventral  to  the  superior 
lobe.  There  remains  a  short  slender  tube  in  the  mid-Une  con- 
necting the  inferior  lobes  to  the  anterior  (fig.  9).  The  duct 
connecting  them  to  the  anterior  lobe  extends  almost  straight 
anteriorly. 

A  median  sagittal  section  of  an  86  mm.  embryo  (fig.  27,  G) 
shows  an  increase  in  the  length  of  the  hypophysis.  The  inferior 
lobes  be  more  caudally  and  the  duct  joining  them  to  the  anterior 
lobe  is  longer. 

In  a  95  mm.  embryo  the  anterior  lobe  has  increased  greatly 
in  length  (fig,  17).  A  median  ventral  sulcus  has  appeared  and 
the  anterior  third  of  this  lobe  is  quite  wide.  A  middle  narrow 
portion,  almost  circular  in  cross  section,  connects  the  anterior 
extremity  to  a  wider  posterior  end  (fig.  24).  The  caudal  extrem- 
ity is  cormected  dorsally  with  the  superior  lobe.  The  inferior 
lobes  are  continuous  across  the  median  Une.  The  connection 
between  the  inferior  lobes  and  the  anterior  one  is  a  small  tube 
which  extends  almost  straight  forward  to  join  the  inferior  sur- 
face of  the  caudal  end  of  the  anterior  lobe  just  below  where  this 
opens  into  the  superior  one  (fig,  10).  The  inferior  lobes  have 
enlarged  in  their  cranio-caudal  axis.  The  lateral  parts  of  the 
superior  lobe  have  increased  in  their  cranio-caudal  diameters 
and  extend  forward  beyond  the  median  part.  The  latter  has 
grown  caudalward  and  hes  just  dorsal  to  the  tube  joining  the 
inferior  and  anterior  lobes. 
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^.  The  hypophysis  of  the  adult 

A  detailed  description  of  the  pup  stage  has  been  given  (p.  400) 
as  typical  of  the  morphology  of  the  adult  condition  (fig.  1). 
A  drawing  of  a  dissection  of  the  hypophysis  of  an  adult  will 
show  the  position  and  relation  of  some  of  the  parts  more  clearly 
{fig.  26).  The  anterior  end  extends  almost  to  the  optic  chiasma, 
as  noted  by  Sterzi  and  others.  From  a  study  of  the  models  of 
the  'pup'  stage  and  of  sections  of  adults  it  appears  that  the 
middle  part  of  the  anterior  lobe  is  more  than  a  mere  constriction 
separating  a  larger  rostral  from  a  smaller  caudal  part  as  Sterzi 
('09)  described.  In  the  pup  this  middle  part  is  only  a  little 
shorter  than  either  extremity,  wliile  in  the  adults  it  is  much 
shorter.  It  is,  however,  distinctly  marked.  ■  In  some  cases 
there  are  cystic  outgrowths  from  the  floor  of  this  part;  in  others 
the  walls  and  floor  are  quite  regular  and  therefore  are  distinctly 
different  from  either  extremity.  The  middle  part  is  smaller 
than  either  extremity  in  its  dorso-ventral  and  lateral  diameters 
in  pups  (figs.  24,  25)  and  in  adults,  but  the  changes  in  diameter 
from  either  end  to  the  middle  part  in  adults  takes  place  gradually 
and  the  parts  are  not  so  definitely  marked,  except  in  those  cases 
in  which  no  glandular  outgrowths  occur  from  the  middle  region 
which  is  much  more  pronunent  in  sections  and  in  wax  reconstruc- 
tions than  is  shown  in  dissections.  The  superior  lobe  projects 
some  distance  laterally  on  the  ventral  side  of  the  vascular  sac. 
It  is  difficult  to  make  out  the  lateral  limits  of  this  part  in  the 
dissected  specimen,  as  it  seems  to  be  continuous  with  the  ventral 
surface  of  the  vascular  sac  (fig.  26).  In  transverse  sections, 
however,  the  lateral  extent  of  the  wings  of  the  superior  lobe  is 
clear.  The  superior  lobe  is  convex  dorsally  and  closely  at- 
tached to  the  saccus  vasculosus.  The  latter  dips  down  on  either 
side  of  the  caudal  end  of  the  anterior  lobe  and  so  partially  sepa- 
rates the  lateral  wings  of  the  superior  from  the  anterior  lobe. 

The  inferior  lobes  no  longer  resemble  the  sac-like  structures 
with  cystic  outpouchings  of  the  pup  stage.  Both  superior  and 
inferior  walls  have  developed  a  mass  of  tubular-like  glands.  None 
of  these  was  observed  extending  cranialward,  as  described  by 
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Figs.  18-20  Antero-vpntral  views  of  tlie  recoDstructionB  shown  in  6gureB 
II  to  13.     Figure  18,  X  50;  figures  19,  20,  X  40. 

Figs.  21-23  Anterior  views  of  the  reconstruction  shown  in  figures  14  to  16. 
X  40. 

FigB.  24-25  Ventral  views  of  the  reconstnictiona  shown  in  figures  17  and  1. 
Figure  24,  X  40;  figure  25,  X  25.    For  abbreviations,  see  figure  1. 
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Fig.  26  Dr&wiug  of  a  dissection  of  the  hypophysis  of  an  adult  AcanthiaH  from 
ventral  side.  X  20.  AL,  anterior  lobe;  B,  inferior  lobes  of  the  brain;  C,  inter- 
hypophyseal  canal;  IL,  inferior  lobes  of  the  hypophysis;  SL,  superior  lobe  of  the 
hypophysis;  VS,  vascular  sac. 

Haller  in  Musteliis.  From  their  median  connection  a  long  slender 
tube  extends  to  the  caudal  end  of  the  floor  of  the  anterior  lobe. 
As  seen  in  figure  26,  the  median  connecting  portion  of  the  infe- 
rior lobes  may  be  large.  In  some  specimens  this  part,  as  well  as 
the  lobes,  shows  a  mass  of  tubules.  The  caudal  ends  of  the 
inferior  lobes  are  surrounded  by  cartilage. 

The  shifting  of  the  hypophysis  with  reference  to  its  position 
in  the  body  and  the  development  of  different  parts  is  brought 
out  very  clearly  in  figure  27.     Sewertzoff  ('99),  in  his  studies 
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on  the  development  of  the  skull,  made  use  of  such  a  figure  to 
show  the  interrelation  of  development  of  the  brain  and  skull. 
He  made  an  outline  drawing  of  the  skull  and  brain  of  an  embryo, 
choosing  an  arbitrary  magnification.  He  then  made  drawings 
of  different  sized  embryos  of  such  a  magnification  that  points, 
corresponding  to  two  arbitrarily  chosen  in  the  first  drawing, 
would  coincide.  In  figure  27  of  this  paper,  the  same  scheme  was 
adopted.  The  magnification  of  the  first  drawing  was  such  as  to 
avoid  as  much  as  possible  the  confusion  of  lines.  The  points 
chosen  were  the  extreme  anterior  end  of  the  notochord  and  the 
axis  of  the  notochord  at  the  level  of  the  first  spino-occipital  nerve. 
All  the  other  drawings  were  then  made  so  that  these  two  points — 
the  extreme  anterior  end  of  the  notochord  and  the  axis  of  the 
notochord  at  the  level  of  the  first  spino-occipital  nerve — should 
coincide  with  those  of  the  first  drawing.  The  outUnes  of  the 
hypophysis  were  then  drawn,  using  a  line  between  the  two  points 
as  a  base. 

The  objectioiB  to  such  a  drawing  are  readily  apparent.  There 
are,  of  course,  individual  variations  in  the  embryos.  Also, 
these  points  are  probably  continually  changing  during  develop- 
ment. For  a  comparative  study,  however,  the  variations  can 
be  no  great  objection  and  the  points  chosen  are  probably  as  relia- 
ble as  any.  A  series  of  embryos  from  11.5  mm.  in  length  to 
the  pup  were  drawn  in  this  manner  (fig.  27).  One  can  see  at  a 
glance  in  all  these  stages  the  relative  position  of  the  hypophysis 
with  reference  to  the  anterior  end  of  the  notochord.  Also, 
as  was  pointed  out  in  the  description  of  the  different  embryos, 
what  is  first  the  dorsal  wall  becomes  in  later  stages  the  ventral, 
while  the  ventral  or  anterior  becomes  dorsal.  The  early  superior 
end  of  the  evagination  shifts  more  and  more  eaudalward  with 
reference  to  the  rest  of  the  hypophysis,  until,  in  the  pup,  the 
superior  lobe,  which  develops  from  the  superior  dorsal  end,  is 
caudal  in  position.  The  inferior  lobes,  which  develop  from  the 
sides  of  the  superior  end  and  are  on  the  same  horizontal  plane 
as  the  superior  position,  take  a  position  ventral  to  the  superior 
lobe  in  the  late  embryo  and  adult.  The  furrows  separating  these 
inferior  lobes,  described  as  appearing  in  the  20  to  22  mm.  embryos 
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on  the  ventral  (anterior)  side  of  the  hypophysis,  are  later  (50 
mm.  embryos)  on  the  dorsal  side.  The  anterior  lobe,  first 
directed  almost  vertically,  grows  ventrally  and  later  extends 
more  and  more  anteriorly  until  it  is  directed  horizontally  (cranio- 
caudally) , 

The  comparative  growth  of  the  different  portions  is  also  made 
clear.  The  anterior  lobe  comprises  all  of  the  original  outpouch- 
ing and  also  the  anterior  tongue  which  evaginates  later.  The 
increase  in  length  of  the  anterior  lobe,  particularly  its  anterior 
extremity,  is  marked.  The  inferior  lobes,  developing  from  the 
sides  of  the  posterior  portion  of  the  early  evagination,  become 
continuous  across  the  posterior  side  (34  mm.  embryos)  and  finally 
constrict  entirely  except  for  a  short  duct  connected  with  the 
anterior  lobe.  The  inferior  lobes  increase  greatly  in  size,  but, 
in  the  adult,  are  largest  transversely.  The  superior  lobe,  de- 
veloped from  the  superior  dorsal  part,  spreads  far  out  trans- 
versely and  later  enlarges  in  its  dorso-ventral  axis. 

The  posterior  extremity  of  the  anterior  lobe  is  then  developed 
from  the  first  outpouching.  A  httle  later  (21  mm.)  the  part 
anterior  or  ventral  to  the  original  outgrowth  evaginates,  forming 
largely  the  middle  narrower  portion  of  the  anterior  lobe.  The 
anterior  extremity  of  the  anterior  lobe  develops  at  the  extreme 
anterior  (ventral)  end  of  this.  The  stalk  connecting  the  hypophy- 
sis with  the  mouth  is  attached  to  the  middle  narrower  portion. 
The  connection  between  the  inferior  lobes  develops  caudal 
(dorsal)  to  this  but  arises  from  a  part  which  later  becomes 
the  floor  of  the  posterior  extremity  of  the  anterior  lobe.  From 
this  description  it  is  seen  that  the  inferior  lobes,  developing  from 
the  posterior  end  of  the  hypophyseal  anlage,  and  the  superior 
lobe,  from  its  extreme  dorsal  (anterior)  end,  are  derived  from  a 
part  of  the  anterior  lobe.  Such  an  explanation  of  the  develop- 
ment of  the  parts  is  well  borne  out  by  a  study  of  the  models  as 
well  as  of  the  various  sections  of  embryos. 

In  comparing  figures  6,  7  and  8  it  is  seen  that  the  hypophyseal 
stalk  in  a  40  mm.  embryo  is  attached  nearer  the  caudal  end  of 
the  hypophysis  than  it  is  in  younger  ones.  This  does  not  agree 
with  what  Haller  has  described  for  Mustelus  when  he  found  the 
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place  of  attachment  of  the  hypophyseal  stalk  near  the  anterior 
end.  In  a  90  nun.  Mustelus  this  place  of  attachment  can  be 
recognized  by  the  very  thin  floor,  and  in  the  adult,  by  the  open- 
ing into  the  subdural  space  (Haller  '96,  figs.  12  and  40). 

The  cavity  in  the  hypophysis  of  elasmobranchs  has  been  vari- 
ously described  as  barely  distinguishable,  sUt-Uke  and  large.  It 
is  large  in  some  adult  specimens  of  Acanthias.  In  the  anterior 
lobe  there  is  a  distinct  increase  in  the  size  of  the  cavity  during 
its  development.  Table  2  will  show  the  actual  increase  in  the 
depth  of  the  cavity.  The  measurements  here  given  were  taken 
in  the  caudal  part  of  the  anterior  extremity  of  the  anterior  lobe. 

TABLE  I 

Shomng  depth  of  the  kypopkyteal  emily 


„„„» 

or  moor  im 

"S" 

,.,™._^™. 

31 
31 
35 
56 

56 

37 
13 

12 
90 

470 

50  mm. 

18 

50  Including  glandular 

outgrowthB 

The  increase  in  size  of  the  lumen  from  the  pup  to  the  adult 
is  thus  seen  to  be  considerable.  From  the  table  and  from  com- 
parison with  figures  2  to  10  it  is  seen  that  the  increase  in  size  of 
the  lumen  is  not  gradual  through  all  the  stages.  For  example, 
in  the  50  mm.  embryo  the  lumen  is  actually  smaller  than  in  a 
34  mm.  embryo.  It  is  only  from  the  early  pup  stage  on  that  the 
lumen  increases  to  any  considerable  degree.  The  increase  in 
size  of  the  lumen  of  the  inferior  lobes  is  even  more  marked.  The 
cavity  in  the  superior  lobe  is  never  large.  It  is  very  small  in  a 
48  mm.  embryo  where  the  lateral  wings  are  first  prominent. 
In  a  95  mm.  embryo  this  cavity  is  small,  but  is  still  distinct. 
The  lumen  of  the  middle  portion  of  the  superior  lobe  extends 
transversely  and  forward  in  the  lateral  wings  of  the  superior 
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lobe  in  pups.  There  is  no  evidence  at  any  time  of  an  extension 
of  the  lumen  into  any  of  the  glandular  columns  of  this  part.  In 
the  adult  all  trace  of  a  central  cavity  has  disappeared,  unless  the 
small  secretion  spaces,  to  be  described  later,  are  remains  of  the 
original  lumen.  Occasionally  there  is  a  more  or  less  prominent 
median  dorsal  extension  of  the  cavity  of  the  anterior  into  the 
superior  lobe.  In  a  very  few  cases  this  dorsally-extending  cavity 
is  continuous  with  a  secretion  space  lying  laterally. 

Table  3  shows  the  increase  in  size  of  the  hypophysis;  also, 
the  length  of  the  hypophysis  at  the  median  line,  the  greatest 


Sho 

jying  increase  in  siz 

e  of  the  hypopkynii 

OBIiTMT  WIDTH 

OREATECTWIOTHOF 

SHE  or  BPtgiHEN 

„,P0™v„8.n™, 

or  BCPEH^nn  i.obe 

ANTEBIOH  KKTKEMlTr 

Embryo  22  mm 

0.69 

0,23 

28miD 

0.81 

0.40 

0,22 

33  mm 

1,04 

0.96 

0.30 

48  mm 

1,00 

1.07 

0.35 

95mrti 

1.34 

1.30 

040 

6.00 

4.00 

width  of  the  anterior  extremity  of  the  anterior  lobe,  and  the 
greatest  width  of  the  superior  lobe.  The  table  shows  there  has 
been  a  constant  increase  in  length  which  is  rather  more  rapid 
in  earlier  stages.  The  increase  in  width  of  the  superior  lobe  is 
a  gradual  one  in  the  beginning.  The  anterior  lobe,  however, 
grows  very  little  at  first.  This  part  doubles  in  width  in  its 
growth  between  the  22  mm.  and  the  pup  stages.  It  almost 
doubles  again  in  its  later  growth. 

From  a  brief  study  of  a  few  Torpedo  embryos,  I  am  inclined 
to  believe,  with  Rterzi,  that  the  lateral  lobes,  described  in  this 
form  by  Gentes  ('08)  and  others,  are  comparable  with  the  infe- 
rior lobes  of  Acanthias.  The  embryos  examined  show  no  pre- 
hypophyseal  body  such  as  Chiarugi  ('98)  described  in  this 
genus,  nor  is  there  anything  comparable  to  the  prehypophyseal 
body  found  in  the  embryos  or  adults  of  Acanthias, 
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HISTOLOGY  AND  HISTOGENESIS 

1.  Histology  of  the  adult  hypophysis 

a.  Anterior  lobe.  The  deep  median  sulcus  in  the  floor  of  the 
anterior  lobe  has  been  noted  above.  It  has  been  observed  by 
Sterzi  and  others  in  various  selachians.  The  furrows  noted  in 
the  floor  of  the  anterior  extremity  in  the  pup  are  evidence  of 
the  begirming  formation  of  tubulea.  Haller  observed  the  tub- 
ules on  the  ventral  wall  of  the  anterior  part  in  Musteius,  Gentes 
observed  them  in  Torpedo,  and  Sterzi  in  Acanthias.  Tilney 
('11)  stated  that  there  are  many  vesicles  in  the  upper  and  lower 
walls  of  the  juxta-neural  (anterior)  part  in  Acanthias.  Haller 
figures  cyst-like  glands  in  the  roof  of  the  anterior  lobe  of  Musteius. 
Some  adult  specimens  of  Acanthias  show  glandular  outgrowths 
in  the  superior  wall  of  the  anterior  lobe,  especially  in  the  dorso- 
lateral parts  of  the  anterior  extremity.  As  Sterzi  ('09)  observed, 
glands  probably  develop  from  the  anterior  lobe  throughout  life 
and,  finally,  even  from  the  dorso-lateral  walls  and  roof,  and 
glands  project  ventrally  from  the  floor  of  the  anterior  lobe. 
A  model  of  some  of  the  latter  shows  that  branches  are  given 
off  at  all  angles  from  the  first  large  tubule  extending  ventrally 
and  that  secondary  and  tertiary  outpouchings  occur  from  the 
branches.  The  tubules  anastomose  among  each  other  and  with 
those  from  other  glands  both  cranially  and  caudally,  but  not  across 
the  median  sulcus  with  the  glands  of  the  other  side.  The  lumina 
may  be  continuous  through  the  anastomosing  tubules.  A  cast 
of  the  lumina  shows  frequent  enlarged  cavities  from  which  small 
openings  lead  to  the  cyst-Uke  cavities  found  in  some  of  the 
secondary  and  tertiar>'  tubules.  No  such  glands  were  observed 
in  any  other  part  of  the  anterior  lobe.  If  any  glands  be  present 
in  the  roof  of  the  anterior  end  they  are  simple  and  cystic  or 
acinar  in  character.  In  some  specimens,  probably  older  animals, 
there  are  large  tubular  glands  in  the  floor  and  lateral  walls  and 
even  in  the  roof  of  the  caudal  extremity.  The  floor  of  the  middle 
part  occasionally  shows  cystic  glands.  The  walls  of  the  tubules 
are  two  or  three  cells  thick  and  the  columnar  cells  forming  them 
are  at  right  angles  to  the  surface  (fig.  28).     There  is  a  periph- 


□  igitized  by  Google 


.   A     BATJMQABTNER 


Fig.  28    Transverae  section  of  the  floor  and  a  gland  of  the  anterior  lobe  of  an 
adult.    X  400.    8,  sinusoid. 

eral  zone  of  cytoplasm  which  is  very  finely  granular  and  con- 
trary to  the  statement  of  Tilney,  it  is  acidophilic.  Haller 
observed  that  the  peripheral  zone  of  cytoplasm  in  Musteliis 
stained  intensively  with  borax  carmine  and  Stendell  stated  that 
the  peripheral  layer  of  cells  is  acidophilic.  Sterzi  ('09)  found 
that  the  cytoplasm  of  the  cells  in  the  floor  of  the  caudal  part  of 
the  rostral  lobe  is  not  granular.  However,  there  are  glandular 
outgrowths  here  in  some  adults  and  these  walls  have  the  same 
character  as  the  other  glandular  parts,  except  in  the  mid-ventral 
line  where  no  outgrowths  are  found,  and  here  the  wall  is  com- 
posed of  low  epithelial  cells.  The  nuclei  are  oval  and  crowded 
nearer  the  inner  free  surface.  They  have  a  finely  granular 
chromatic  network.  The  roof  of  th«  anterior  lobe  is  also  com- 
posed of  several  layers  of  cells.  If  no  glands  are  present,  the 
nuclei  here  are  very  irregularly  placed,  some  of  them  lying  parallel 
to  the  surface  along  the  inner  free  side,  others  being  placed  at 
various  angles  to  the  surfaces.  The  cytoplasm  is  very  scant. 
The  roof  comes  into  close  relation  with  the  overlying  brain,  but 
a  thin  connective  tissue  layer  containing  small  blood  vessels  and 
capillaries  separates  them.  One  cannot  speak  of  a  fusion  of  the 
roof  of  this  lobe  with  the  brain  tissue  above,  as  noted  by  Tilney. 
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Fig.  29    Transverse  section  of  a  gland  of  the  inferior  lobe  of  an  adult.    X  400. 

6.  Inferior  lobes.  The  inferior  lobes  are  large  glandular  struc- 
tures, from  the  walls  of  which  are  many  tubular  outgrowths. 
These  tubules  are  especially  numerous  on  the  ventral  surfaces 
of  the  inferior  lobes  although  there  are  some  on  the  roof  also. 
Two  or  three  layers  of  columnar  cells  form  the  walls.  In  this 
case  a  wider  cytoplasmic  zone  lies  along  the  inner  free  surface 
(fig.  29).  The  cytoplasm  is  clear  and  the  cell  membranes  stand 
out  distinctly.  The  cells  are  very  faintly  acidophilie.  The 
nuclei  here,  as  in  the  anterior  lobe,  are  oval  in  outline,  and  the 
long  axis  is  always  at  right  angles  to  the  free  surfaces.  The 
chromatin  here  also  is  in  a  fine  network  with  a  more  or  less 
definite  layer  along  the  nuclear  membrane. 

c.  Superior  lobe.  As  has  been  observed  in  all  selachians,  there 
is  a  great  glandular  outgrowth  from  the  roof  of  the  superior  lobe. 
As  Sterzi  has  noted,  these  glands  are  not  tubular  but  solid. 
The  floor  of  this  portion  shows  no  glandular  outgrowth.  It  is 
made  up  of  several  layers  of  columnar  cells.  The  roof  is  several 
cell-layers  deep  and  from  it  many  thick  columns  extend  upward. 
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F  the  glandular  cords  of  the  superior  lobe  of  an 

The  nuclei  of  the  columns  are  spherical  in  shape,  crowded  close 
together  in  the  center,  and  contain  a  light  chromatin  network 
and  a  nucleolus.  Between  these  colunms  are  numerous  sinusoids. 
Along  the  periphery  of  the  columns  is  a  thick  layer  of  granular 
cytoplasm,  the  granules  being  small  and  closely  crowded  (fig.  30) . 
The  cytoplasm  frequently  takes  a  distinctly  acid  stain.  In 
some  eosin-methylene  blue  preparations  the  cytoplasm  of  the 
superior  lobe  along  the  periphery  of  the  columns  is  stained  blue. 
With  iron  hematoxylin  this  same  zone  sometimes  retains  the 
hematoxylin  longer  than  does  the  chromatin.  The  granules 
of  this  part  often  stain  an  intense  blue  with  Mallory's  phos- 
photungstic  acid  stain.  On  either  side  of  a  granular  area  which 
stains  very  deeply  there  may  be  a  clear  area  where  the  secretion 
possibly  may  be  forming  or  has  just  been  given  up.  I  cannot, 
therefore,  agree  with  Tilney  {'11)  who  finds  only  eosinophilic 
cells  in  the  superior  lobe  and  basophilic  in  the  anterior  lobe. 
Besides,  as  has  been  noted,  in  many  cases  the  cells  of  the  anterior 
lobe  take  eosin  quite  as  readily.  Stendell  ('13)  thought  that  the 
division  of  chromophobic  and  chromophihc  portions  as  described 
by  Sterzi  and  others  might  not  be  true  in  all  cases.  In  the  adult 
Acanthias,  it  seems  to  nr.e  this  distinction  cannot  be  sharply 
drawn,  at  least  not  with  all  stains.     The  cytoplasm  of  the  supe- 
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nor  lobe  stains  readily,  and  indeed,  sometimes  more  deeply  than 
that  of  the.  anterior  lobe.  The  nuclei,  on  the  other  hand  stain 
less  deeply  than  those  of  the  anterior  lobe.  Those  of  the  inferior 
lobe  frequently  stain  very  lightly.  Sterzi  has  stated  that  the 
cytoplasm  of  the  superior  lobe  stains  with  difficulty. 

d.  Connective  tissues,  blood  vessels  and  nerves.  In  very  small 
embryos  there  are  only  occasional  connective  tissue  cells  lying 
between  the  hypophysis  and  the  brain  and  vascular  sac  above, 
and  these  cells  are  along  the  dorso-lateral  walls.  Beginning  in 
33  mm.  embryos,  however,  there  is  a  thin  layer  of  mesenchyma 
between  the  dorsal  (posterior)  end  of  the  hypophysis  and  the 
anlage  of  the  vascular  sac.  In  50  mm.  embryos  small  blood 
vessels  are  found  between  the  superior  lobe  and  the  saccus 
vasculosus  (fig.  37).  At  this  time,  also,  a  thin  layer  of  mesen- 
chyma separates  the  hypophysis  from  the  brain  floor.  In  the 
superior  lobe  of  the  adult  occasional  small  strands  of  connective 
tissue  are  foxmd  in  the  center  of  the  core  of  nuclei  of  the 
coliunns. 

They  anastomose  with  the  connective  tissue  between  the 
columns  but  have  no  cytoplaauic  zone  bordering  them  as  do  the 
larger,  more  vascular  connective  tissue  strands  between  the 
columns. 

In  the  pup,  there  are  small  capillaries  in  the  connective  tissue 
over  the  anterior  lobe  of  the  hypophysis.  On  the  ventral  side  there 
is  considerable  coimective  tissue  between  the  developing  tubules. 
The  few  capillaries  here  are  not  large.  The  capillaries  between 
the  columns  of  the  dorsal  lobe  are  large  and  numerous.  These 
capillaries  or  sinusoids  are  to  be  found  in  the  interstices  between 
the  cell  columns  and  also  between  the  ends  of  the  columns  and 
the  overlying  vascular  sac.  In  the  adult  the  capillaries  over  the 
anterior  lobe  are  somewhat  larger.  There  has  been  some  in- 
crease in  the  size  and  number  of  the  capillaries  between  the  tub- 
ules of  the  anterior  lobe  and  the  same  is  true  in  the  superior  lobe 
between  the  cell  columns. 

Nerves  have  been  described  in  the  hypophysis  by  Edinger 
('92),  Sterzi  ('09)  and  others.  Sterzi  described  the  floor  of  the 
brain  in  the  hypophyseal  area  (above  the  superior  lobe  of  the  by- 
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pophysis)  as  composed  of  three  layers,  of  which  the  middle  was 
made  up  of  nerve  fibers  coming  from  the  caudal  end  of  the  inferior 
lobes  of  the  brain.  When  these  fibers  reach  the  area  above  the 
superior  lobe,  numerous  bundles  of  them  go  ventrally  between  the 
colunms.  These  bundles  are  large  and  composed  of  lai^e  nerve 
fibers.  According  to  Stendell  ('12)  a  distinct  lumen,  continu- 
ous with  the  lumen  of  the  vascular  sac,  extends  into  these  bun- 
dles in  Heptanehus.  As  Sterzi  ('09)  showed,  these  bundles  are 
solid  in  Acanthias.  Sterzi  was  not  able  to  see  any  of  the  fibers 
ending  in  the  cell  columns.  In  some  material  stained  with 
Mallory's  phosphotungstic  acid  hematoxylin  these  fibers  are 
well  shown.  I  can  not  affirm  that  they  do  end  in  the  cell 
columns  between  the  cells  as  Sterzi  was  inclined  to  believe. 

e.  Secretiona.  Haller  ('96)  stated  that  the  lumina  of  the 
superior  lobe  may  contain  cell  detritus  or  a  secretion.  Tilney 
('11)  observed  a  colloid-like  substance  in  the  vascular  sac  above 
the  superior  lobe.  Stendell  ('13)  described  deep  acidophilic 
secretion  granules  in  the  cytoplasm  of  the  cells  of  the  'Zwiaehen- 
lappen.'  These  colloid-like  secretions  were  found  in  the  cells 
lying  towards  the  blood  vessels.  The  adult  Acanthias  studied 
show  no  colloid-like  secretion  granules,  such  as  Stendell  found 
in  the  cytoplasm  near  the  sinusoids  in  Mustelus  and  Scyllium. 
Considerable  colloid-like  secretion,  however,  is  found  in  the 
tubules  of  the  anterior  lobe,  also  some  in  the  main  lumen  of  this 
part.  The  tubule  drawn  in  figure  28  contains  secretion.  Some 
secretion  was  found  in  the  tubular  glands  and  in  the  main  lumen 
of  the  inferior  lobes.  There  are  also  many  spaces  in  the  superior 
lobe  which  are  partially  filled  with  secretion.  The  spaces  are 
cylindrical  in  shape,  sometimes  as  much  as  20;:  in  diameter  and 
50  to  200*(  long.  They  have  no  special  walls,  the  cells  and  nuclei 
lining  them  appear  to  have  been  crowded  aside.  Frequently 
the  inner  layer  of  nuclei  lies  fiat  along  the  wall.  These  spaces 
never  come  in  contact  with  the  sinusoids,  but  are  always  found 
in  the  middle  of  the  columns  and  are  surrounded  by  nuclei  which 
are  crowded  close  together.  Aresu  (14)  has  described  similar 
cyst-l;kp  spaces  in  Chimaera,  containing  a  substance  which  stains 
lightly  with  basic  stains.     That  the  secretion  does  not  fill  the 
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spaces  may  be  due  to  shrinkage,  as  has  been  suggested  in  the  case 
of  the  colloid  Id  the  thyreoid  follicles.  In  all  respects  it  is  similar 
to  that  found  in  the  anterior  lobe.  There  is  no  direct  outlet  by 
means  of  which  a  secretion  can  reach  the  cavity  of  the  vascular 
sac  and  thus  gain  entrance  to  the  ventricles  of  the  brain.  The 
absence  of  any  secretion  in  the  vascular  sac  also  ai^es  against 
there  beii^  a  pathway  tor  the  secretion  to  enter  it.  It  would 
seem  probable  that  another  secretion,  distinct  from  this,  is  formed 
in  the  lumen  of  the  tubules.  As  stated  in  the  description  of  the 
histolc^y  of  the  adult  hypophysis,  the  granular  cytoplasm  is 
always  found  on  the  peripheral  side  of  the  cell  cords  or  tubules 
and  never  on  the  side  toward  the  lumen.  It  is  probable  that 
this  secretion  finds  its  way  into  the  numerous  capillaries  along 
the  periphery.  In  the  formation  of  two  secretions,  therefore,  the 
hypophysis  resembles  the  thyreoid  in  some  forms,  and  also  the 
hypophysis  in  som^  mammals. 

2.  Histogenesis  of  the  hypophysis 

In  7.5  mm.  embryos  the  walls  are  formed  of  a  single  layer  of 
cells  of  a  large  cuboidal  type.  The  cytoplasm  is  slightly  granular 
and  somewhat  acidoplulic.  The  nuclei  are  large,  somewhat 
oval,  placed  near  the  basement  membrane,  and  contain  con- 
siderable chromatin  network.  Usually  several  nucleoli,  although 
sometimes  only  one,  are  found  near  the  nuclear  membrane 
(fig.  31).  Very  soon  the  walls  of  the  hypophysis  are  composed 
of  several  layers  of  cells.  In  a  13  mm.  embryo  the  large  nucleoli 
are  no  longer  so  prominent  and,  as  a  rule,  only  smaller  pseu- 
dooucleoli,  as  observed  by  Sterzi,  are  to  be  seen. 

a.  Anterior  hbe.  In  a  21  mm.  embryo,  very  little  of  the  floor 
of  the  anterior  lobe  is  as  yet  present.  The  walls  are  composed 
of  two  layers  of  columnar  cells  which  have  a  thin  outer  and  a 
thick  inner,  slightly  granular  cytoplasmic  zone.  The  large 
and  elongately  oval  nuclei  contain  a  dense  chromatin  network, 
especially  in  the  anterior  end  (fig.  32).  Sterzi  has  observed 
that  there  are  some  elongated  nuclei  in  the  roof  of  the  hypophysis 
in  which  the  long  axes  are  at  right  aisles  to  the  surfaces,  and 
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Fig.  31    Transverse  section  of  a  portion  of  the  hypopbyaeal  anlage  of  a  7.5 
mm.  embryo.     (H.E.C.  1503).    X  500.    B,  region  of  brain;  P,  premandibulur 

somite. 


Fig.  32  Sagittal  section  of  the  roof  of  the  anterior  lobe  in  a  21  mm.  embryo. 
(H.B.C.  1493).  X  450.  R,  roof  of  anterior  lobe;  Med,  medial  connection  of  in- 
ferior lobes;  P,  pigment  granules. 
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Fig.  33    Sagittal  Bection  of  the  floor  of  the  anterior  end  and  of  one  of  the  tub- 
ules of  the  ant«riDr  lobe  of  a  pup.    X  400. 

between  these  are  spherical  shaped  nuclei.  He  has  described 
these  in  the  roof  of  the  superior  lobe.  These  become  more 
evident  in  40  and  50  mm.  embryos.  In  an  86  mm.  embryo,  the 
nuclei  of  the  roof  are  to  some  extent  irregular  in  arrangement. 
The  cytoplasm  takes  orange  G  quite  readily  and  hence  is  some- 
what acidophilic.  In  the  pup,  the  floor  is  well  formed  and  is 
now  the  thicker  wall  of  the  anterior  lobe.  As  shown  in  figure  33, 
it  is  composed  of  four  or  five  layers  of  nuclei.  The  oval  nuclei 
are  crowded  close  to  the  inner  free  surface.  There  is,  how- 
ever, a  narrow  outer  cytoplasmic  zone  which  is  very  granular. 
The  character  of  the  cells  of  the  glandular  outgrowths  is  shown 
in  figure  33.  Here,  too,  there  is  a  narrower  outer  rim  of  granular 
cytoplasm.  A  wider  inner  zone  of  non-granular  cytoplasm 
bounds  the  lumina  of  the  tubules.  The  nuclei,  as  in  the  floor, 
are  oval.  Usually  two  or  three  layers  form  the  walls.  The 
nuclei  have  a  distinct  chromatin  network  with  occasional  denser- 
staining  chromatin  masses  resembling  nucleoli. 
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b.  Inferior  lobes.  The  development  of  the  inferior  lobes  as 
constrictions  of  the  lateral  walls,  of  the  early  hypophyseal  out- 
pouching has  been  described  above.  The  point  where  these 
lobes  will  grow  together  across  the  median  line  is  indicated  in 
figures  5  to  10.  The  character  of  the  cells  forming  this  part  differs , 
from  the  rest  of  the  hypophyseal  outpouching  as  early  as  the 
21  mm.  stage  (fig.  32).  The  cytoplasm  here  stains  less  densely 
than  that  of  the  rest  of  the  hypophysis.  The  nuclei  are  distinctly 
spherical  in  shape  and  have  a  very  scant  chromatin  network. 
A  part  of  this  floor,  immediately  posterior  to  the  hypophyseal 
stalk,  contains  a  considerable  amount  of  a  granular  yellowish 
pigment.     Both  Miiller  {'71)  and  Hoffmann  ('96)  have  noted  the 


Fig.  34  Sagittal  section  of  the  floor  of  the  hypophysis  near  the  median  plane, 
showing  the  part  which  connects  the  inferior  lobes.     (H.K.C.  362).     X  400. 

pigment  in  the  stalk  of  the  hypophysis.  The  nuclei  become  more 
oval  in  older  embryos.  This  is  well  shown  in  figure  34  which  is 
a  mid-s5agittal  section  of  the  region  which  later  forms  the  con- 
nection between  the  inferior  sacs.  The  nuclei  here  are  very 
irregularly  placed.  Extending  caudally  from  the  stalk  are  several 
nuclei  flattened  along  the  inner  free  surface.  The  cytoplasm 
stains  very  lif^tly.  The  pigment  masses  are  numerous.  Cau- 
dally there  is  a  sudden  transition  to  columnar  cells  of  the  kind 
found  in  the  wall  of  the  anterior  lobe.  The  floor  in  this  region 
is  as  just  described  until  the  48  to  60  mm.  stages  when  the  infe- 
rior sacs  are  completely  constricted  from  the  anterior  one.  The 
pigment  and  the  flattened  nuclei  are  found  only  near  the  median 
hne.     Both  are  still  present  in  a  41  mm.  embryo. 

In  the  inferior  sacs  proper,  however,  which  are  formed  at  the 
lateral  sides,  the  cells  are  similar  to  those  of  the  floor  of  the 
anterior  lobe.     The  outer,  narrower  zone  of  cytoplasm,  as  well 


Digitized  by  Google 


DEVELOPMENT  OF  THE  HYPOPHYSIS 


Fig.  35    Sagittal  eectioD  of  a  portion  of  the  inferior  lobe  of  the  hypophysis  of 
a  pup.    X  400. 


as  the  inner,  wider  one,  stains  lightly  in  a  50  mm.  embryo.  In 
an  86  mm.  embryo  the  outer  zone  has  fine  granules.  The  cells 
are  slightly  acidophilic.  The  nuclei  are  elongately  ovat  in  out- 
line as  in  the  anterior  lobe.  In  the  pup  many  outpouchings 
indicate  the  beginning  glandular  development.  The  upper  wall 
is  three  or  four  cell-layers  thick  (fig,  35).  There  is  a  wide,  inner, 
clear-staining  cytoplasmic  zone.  The  outer  narrower  rim  is 
slightly  granular.  The  nuclei  are'  oval  in  outline,  as  in  the 
anterior  lobe.  Numerous  densely  staining  chromatin  masses 
are  to  be  seen.  The  lower  wall  or  floor  is  much  thinner.  It  is 
composed  of  only  one  or  two  layers  of  cells  and  has  a  narrow, 
inner,  cytoplasmic  rim.  This  zone,  as  in  the  roof,  stains  very 
lightly  and  is  non-granutar.  The  outer  rim  is,  however,  quite 
granidar.  The  nuclei  are  like  those  in  the  roof  but  contain  a 
somewhat  denser  chromatin  network. 

c.  Superior  lobe.  In  a  21  mm.  embryo  the  wall  of  the  superior 
end  of  the  hypophyseal  anlage  is  thickest  where  the  superior 
lobe  later  develops  (fig.  36).  The  nuclei  are  large  and  oval  and 
have  a  light  chromatin  network.  In  a  50  mm.  embryo  (fig.  37) 
the  wall  in  this  re^on  is  considerably  thicker  than  in  the  21  mm. 
embryo  because  of  an  increase  in  the  number  of  cell  layers.     There 
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Fia,  36  Sagittal  section  of  the^uperior  end  o(  the  hypophysis  of  a  21  nim, 
pmliryo.     (H.E.C.  1493).     X  450. 

Fig.  37  Sagittal  section  ot  the  superior  lobe  of  a  50  ram.  embryo.  (H.R.C. 
Series  444).     X  450. 


is  an  outer  cytoplasmic  zone  which  is  non-granular  and  stains 
lightly.  The  nuclei  are  smaller  than  in  the  21  mm.  embryo  and 
contain  less  chromatin.  As  Sterzi  has  stated,  there  are  some 
spherical  nuclei  and  some  more  slender  oval  nuclei,  but  no  regular 
arrangement  of  these,  such  as  Sterzi  described,  was  observed. 
In  a  95  mm.  embryo,  the  roof  of  the  superior  lobe  has  increased 
in  thickness  (fig.  38).  The  nuclei  are  oval  and  contain  a  denser 
network  of  chromatin  than  is  found  in  50  mm.  embryos.  Along 
the  periphery  many  of  the  nuclei  are  spherical.  There  is  an 
inner  zone  of  cytoplasm  as  in  the  50  and  21  mm.  stages,  which  is 
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Fig.  3S  TranaverBC  aection  of  the  superior  lobe  of  a  95  mm.  embryo.  (H.E.C. 
Series  1882).     X  450. 

Fig.  39  Sagittal  section  of  the  superior  lobe  of  the  hypophysis  of  a  pup 
showiDg  one  of  the  cell  columns  and  a  portion  of  the  roof.    X  400. 

non-granular.  Fewer  mitotic  figures  are  to  be  found  at  this 
time.  In  the  pup  the  roof  is  a  little  thicker  than  in  the  pre- 
ceding stage.  Above  the  roof  there  are  many  cell  columns  which 
are  outgrowths  from  the  roof  proper  (fig.  39).  The  relations  of 
cell  columns  and  roof  to  each  other  are  shown  in  figure  39.  The 
roof  has  a  narrow  outer  zone  of  granular  cytoplasm.  Its  nuclei 
are  oval  and  have  a  light  chromatin  network.  The  cell  columns 
come  into  close  contact  with  the  overlying  floor  of  the  vascular 
sac  (fig.  39).  Numerous  capillaries  and  a  loose  connective 
tissue  fill  the  spaces  between  the  cell  columns  and  between  the 
roof  of  the  hypophysis  and  the  floor  of  the  yascular  sac.  The 
columns  have  an  outer,  granular  cytoplasmic  zone.  The  cells 
are  acidophiUc.  The  nuclei  are  spherical  in  outline,  have  a 
light  chromatin  network  and  usually  one  or  two  larger  chromatin 
masses  or  nucleoU. 

Only  a  brief  statement  can  be  given  at  this  time  concerning 
the  development  of  the  glandular  columns  of  the  superior  lobe. 
In  the  region  of  the  superior  lobe  in  all  embryos  up  to  the  50  mm. 
stage,  the  nuclei  are  elongate-oval  in  outline  and  are-arranged 
in  two  or  three  layers  (fig.  36).  In  a  50  mm.  embryo  some  of 
the  nuclei  at  the  periphery  are  spherical  (fig.  37).     It  is  possible 
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that  the  eloDgate-oval  nuclei  in  this  region  in  the  younger  embryos 
are  changed  into  spherical  ones.  In  the  pup  there  are  numerous 
columns  extending  dorsally,  which  consist  of  a  central  group  of 
spherical,  light-stainii^  nuclei  and  a  peripheral  zone  of  cyto- 
plasm. Until  some  material  between  the  95  mm.  embryos  and 
the  pup  stage  is  studied,  it  must  remain  a  question  how  these 
cell  columns  are  formed.  It  is  possible  that  the  cells  with  spheri- 
cal nuclei  arrange  themselves  in  groups  and  these  groups  then 
evapnate  from  the  roof.  The  scarcity  of  these  groups  in  the 
95  mm.  embryos  and  in  all  late  embryonic  stages  argues  against 
such  a  possibihty,  although  Sterzi's  observations  on  the  pr^ence 
of  groups  of  spherical  nuclei  lying  between  masses  of  cells  with 
oval  nuclei  should  be  taken  into  consideration.  Numerous 
cyst-like  outpouchings  are  present  in  some  adults  in  the  anterior 
part  of  the  superior  lobe,  or,  rather,  between  this  and  the  roof 
of  the  caudal  extremity  of  the  anterior  lobe.  Some  of  these 
outpouchings  show  areas  of  cells  similar  to  those  forming  the 
columns  of  the  superior  lobe,  interspersed  with  areas  of  cells 
like  those  of  the  anterior  lobe.  The  areas  of  cells  resembling 
those  of  the  superior  lobe  may  form  the  entire  wall  or  may  lie 
on  a  basement  of  cells  resembling  those  forming  the  anterior 
lobe  which  line  the  cavity.  This  would  indicate  that  the  regions 
of  the  anterior  and  superior  lobes  are  not  sharply  separated,  or, 
that  the  cells  of  this  region  which  still  resemble  the  embryonic 
condition  change  into  cell  columns  of  the  superior  lobe.  This 
need  not  imply,  however,  that  the  cells  of  the  anterior  and  infe- 
rior lobes  are  of  a  more  embryonic  type,  although  they  may  be 
more  primitive  phylogenetically. 

3.  Development  of  the  inierhypophyseal  canal    > 

The  formation  of  the  ridge  connecting  the  inferior  lobes  on  the 
dorsal  (posterior)  side  of  the  hypophyseal  anlage  had  been 
described.  The  character  of  the  epithelium  in  this  region  in  a 
21  mm.  embryo,  as  stated  above,  differs  from  that  of  other  parts. 
A  ridge  is  prominent  in  a  34  mm.  embryo.  In  a  40  nun.  embryo 
the  groove  on  the  inside  of  this  ridge  is  marked  (fig.  8).     In  a 
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48  mm,  embryo  the  ridge  is  very  distinct  and  the  connection 
of  the  lumen  of  this  part  with  the  lumen  of  the  anterior  lobe  has 
become  constricted.  The  constriction  forms  the  narrowed  con- 
nection of  the  inferior  sacs  to  the  anterior  lobe.  As  previously 
stated,  the  growth  of  the  furrows  separating  the  inferior  sacs  from 
the  lateral  sides  of  the  anterior  lobe  is  well  marked  at  this  time. 
A  sagittal  section  of  the  hypophysis  of  a  50  mm,  embryo  shows 
a  short  interhypophyseal  canal  (fig.  9).  In  a  95  mm.  embryo 
the  canal  has  lengthened  considerably.  The  walls  are  composed 
of  one  or  two  layers  of  low  cotxminar  cells.  In  the  pup  the  canal 
is  longer  than  in  the  embryos  but  the  diameter  is  about  the  same 
as  in  younger  specimens.  In  the  adult  the  canal  has  increased 
in  length  and  diameter  and  is  attached  in  the  floor  of  the  anterior 

TABLE  4 

Showing  the  siie  of  the  interhypophyseal  canal 


.,„o,„„„.- 

..■■,..„„... 

-"-VJ.— 

Embryo  ot  50  mm 

0-13 
0-36 
0.44 
0.68 

0.042 

0.048 

lobe  at  or  near  its  caudal  end.  Its  other  attachment  is  near  the 
dorsal  side  of  the  connection  between  the  inferior  lobes.  There 
are  no  tubular  outgrowths  from  it  such  as  Haller  found  in  Mus- 
tetus.  Table  4  shows  the  size  of  the  canals  at  different  stages. 
It  will  be  seen  that  there  is  a  continual  increase  in  the  length  of 
the  canal.  The  diameter  in  the  older  specimen  is  somewhat 
greater  than  in  the  50  mm.  embryo,  although  there  is  no  great 
change.  A  distinct  lumen  is  present.  In  the  median  line 
there  is  a  well  defined  layer  of  connective  tissue  extending  from 
the  tip  of  the  parachordal  plate  (fig.  9)  forward  to  the  floor  of 
the  anterior  lobe  of  the  hypophysis.  This  layer  develops  rapidly 
after  the  canal  is  formed  and  surrounds  it.  It  is  well  defined  in 
a  50  mm.  embryo,  but  becomes  thicker  in  the  adult.  This  layer 
separates  the  inferior  lobes  from  the  rest  of  the  hypophysis  and 
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makes  their  dissection  difficult.  The  cells  and  fibers  in  it  are 
arrai^ed  concentrically  around  the  canal.  In  the  adult,  the 
layer  of  connective  tissue  is  still  prominent  and  extends  the  entire 
length  of  the  canal. 


Pig.  40  Transverae  section  of  the  hypophyseal  stalk  of  a  28  mm.  embryo. 
CH.E.C.  Series  1357).    X  350. 

Fig.  41  TraDsverse  sectioD  of  the  hypophyseal  stalk  of  a  33  mm.  embryo. 
(H.E.C.  Series  307).     X  350. 

4.  Development  of  the  hypophyseal  atalk 

The  stalk  connecting  the  hypophysis  with  the  mouth  is  formed 
in  22  to  24  mm.  embryos.  It  is  present  in  one  21  mm.  embryo 
which  shows  the  anterior  end  constricting  from  the  mouth. 
In  these  stages  it  is  oval  in  cross-section,  the  lumen  is  very  lai^, 
and  its  walls  are  formed  of  a  layer  of  low  columnar  cells,  the  nuclei 
of  which  are  somewhat  elongated  and  contain  considerable 
chromatin.  In  the  posterior  (superior)  margin  are  found  many 
yellow  pigment  granules,  as  has  been  described  by  Hoffmann 
('86).  These  granules  are  found  within  the  cell,  sometime 
apparently  in  the  nucleus  (fig.  32).  As  Hoffmann  stated,  they 
are  first  seen  in  the  bucco-pharyngeal  membrane,  but  later 
occur  also  in  the  wall  of  the  stalk.  Miiller  (71)  had  described 
them  in  the  stalk  in  Acanthias  embryos  of  30  mm.  length. 

In  28  mm.  embryos  the  lumen  in  the  stalk  is  small.  The  wall 
consists  of  a  double  layer  of  epithelial  cells,  the  outer  of  which 
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Fig.  42  Transverse  section  of  the  hyiKiphyBeal  stalk  of  a  37  mm.  embryo. 
(H.E.C.  Series  363).    X  350. 

Fig.  43  Transverse  section  of  the  hypophyseal  stalk  of  a  41.5  mm.  embryo. 
{H.E.C.  Series  36S).    X  350. 

is  low  colunmar  in  type  (fig.  40) ;  the  inner  is  irregular  and  the 
nuclei  are  oval  in  outline  but  not  regularly  placed.  Figure- 40 
is  of  a  section  through  approximately  the  middle  of  the  stalk. 
The  lumen  and  stalk  are  larger  where  it  connects  with  the  hy- 
pophysis and  with  the  mouth,  both  ends  being  funnel-shaped  and 
joined  by  a  narrower  middle  part.  The  connective  tissue  around 
the  stalk  is  mesenchymal  in  character.  Immediately  around  the 
stalk  the  cells  are  concentrically  arranged.  This  character  is 
more  pronounced  in  later  stages. 

I^  a  33  mm.  embryo  the  two  ends  of  the  stalk  are  funnel- 
shaped,  as  before,  and  contain  a  lumen,  while  the  middle  part  of 
the  stalk  is  made  up  of  a  mass  of  celts  in  which  no  lumen  is  present 
(fig.  41).  The  outer  layer  of  cells,  though  still  definite  at  the 
ends,  is  no  longer  so  in  the  middle  part.  The  nuclei  are  more 
spherical  in  shape  and  contain  a  denser  chromatin  network. 
The  arrangement  of  the  mesenchymal  cells  around  the  stalk  is 
concentric. 

In  a  37  mm.  embryo  the  stalk  is  greatly  reduced  in  size.  The 
nuclei  are  massed  in  the  center  and  are  surrounded  by  a  densely 
staining  cytoplasm  (fig.  42) .  Some  pigment  is  scattered  through- 
out the  stalk,  as  in  all  of  the  specimens.  The  concentric  arrange- 
ment of  connective  tissue  cells  is  more  marked. 

In  some  embryos  40  mm.  in  length  no  remnant  of  the  stalk  is 
found.    In  a  41.5  mm.  embryo  a  small  elongated  densely  stain- 
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ing  stalk  is  present  (fig.  43). '  What  apparently  is  the  remains 
of  the  nuclear  mass  is  surrounded  by  a  narrow  densely-staining 
cytoplasmic  rim.  The  chromatin  network  has  disappeared, 
but  larger  masses  of  densely  staining  chromatin  are  to  be  seen. 
The  concentric  arrangement  of  the  connective  tissue  cells  is 
apparent,  but  not  so  marked  as  in  the  younger  stages.  In  another 
specimen,  40  mm.  in  length,  a  strand  of  connective  tissue,  extend- 
ing from  a  funnel-shaped  mass  of  epithelial  cells — continuous 
with  the  epithelial  lining  of  the  mouth — to  the  base  of  the  hy- 
pophysis, indicates  the  position  of  the  degenerated  stalk  (fig.  8). 
The  hypophyseal  attachment  of  the  stalk  is  anterior  to  the  groove 
connecting  the  inferior  lobes.  Soon  after  this  time  the  cartilages 
at  the  base  of  the  brain  become  continuous  across  the  mid  line. 

I  wish  to  thank  Dr.  R.  E.  Scammon  for  his  many  helpful 
suggestions  throughout  this  work.  Thanks  are  also  due  to 
Dr.  R.  J.  Terry  for  his  kindly  interest  during  its  completion. 

SUMMARY 

1.  The  terms  'anterior  lobe,'  'inferior  lobes'  and  'superior 
lohe'  have  been  used  for  the  several  parts  of  the  hypophysis  of 
Acanthias. 

2.  Rathke's  pouch  forms  the  posterior  part  of  the  anterior 
lobe.  The  later  evagination  of  the  ectoderm,  anterior  to  this, 
forms  the  middle  portion  and  the  anterior  extremity  of  the  an- 
terior lobe. 

3.  The  inferior  lobes  develop  from  the  lateral  sides  of  the  pos- 
terior extremity  of  the  anterior  lobe,  i.e.,  from  the  lateral  sides 
of  Rathke's  pouch. 

4.  The  superior  lobe  develops  from  the  caudal  (superior) 
end  of  the  hypophyseal  anlage. 

5.  In  the  course  of  development  the  hypophysis  shifts  in  posi- 
tion about  145  degrees,  so  that  the  upper  wall  becomes  the  floor 
and  the  ventral  (anterior)  surface  the  roof. 
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6.  There  is  glandular  growth  from  the  roof  of  the  superior 
lobe  and  the  Inferior  lobes,  as  has  been  described  by  Sterzi  and 
others,  and  from  the  floor  of  only  the  anterior  and  posterior 
extremity  of  the  anterior  lobe  in  all  adults. 

7.  The  cells  of  both  anterior  and  inferior  lobes  are  acidophilic 
in  character. 

8.  The  cell  columns  of  the  superior  lobe  are  solid  as  Sterzi 
described  them. 

9.  Frequently  the  anterior  and  inferior  lobes  stain  more  densely 
than  does  the  superior  lobe.  In  these  cases,  it  is  the  nuclei  which 
take  the  darker  stain.  In  general  the  anterior  and  inferior  lobes 
may  be  considered  the  chromophiUc  ones. 

10.  Spaces  containing  some  colloid-like  secretion  are  present 
in  the  superior  lobe.  A  similar  secretion  is  present  in  the  lumina 
of  the  tubules  of  the  anterior  and  inferior  lobes  and  in  the  large 
main  lumen. 
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ADDENDUM 

After  the  completion  of  the  present  work  a  paper  by  M.  W. 
Woerdeman:  "Vergleichende  Ontogenie  der  Hypophysis"  ap- 
peared {Arch.  f.  mikr.  Anat.,  Bd.  86).  This  investigator  figured 
Rathke's  pouch  in  an  8  mm.  Torpedo  embryo.  In  somewhat 
older  embryos  (12-15  mm.)  the  region  where  Rathke's  pouch 
opens  into  the  mouth  evaginates  and  in  still  later  embryos  a 
region  anterior  to  this  is  constricted  from  the  mouth.  The 
hypophysis  then  consists  of  a  small  Rathke's  pouch  somewhat 
constricted  from  an  anterior  (ventral)  'Mittelraum'  and  anterior 
to  the  latter,  the  'Vorraum.'  The  middle  division,  in  20  mm. 
embryos,  divides  by  a  circular  constriction  into  a  dorsal  and  a 
ventral  part.  In  this  way  the  ventral  sacs  are  formed.  The 
hypophyseal  stalk  now  opens  into  the  ventral  sacs,  in  which 
observation  Woerdeman  agrees  with  that  of  Gentes  and  Sten- 
dell.  According  to  Woerdemarm's  comparison  of  the  parts  of 
the  hypophysis  with  those  described  by  Stendell,  Rathke's 
pouch  is  homologous  with  the  superior  lobe  (table  1,  p.  400) 
and  the  'Mittelraum'  and  'Vorraum'  are  homologous  with  the 
anterior  lobe.  The  ventral  sacs  and  lateral  lobuh  which  he 
described  are  probably  homologous  with  the  inferior  lobes.  In 
Squalus  I  have  described  Rathke's  pouch,  or  the  early  anlage  of 
the  hypophysis  as  ^ving  rise  to  the  caudal  extremity  of  the 
anterior  lobe.  A  later  evagination  ventral  to  this  gives  rise  to 
the  middle  portion  and  anterior  extremity  of  the  anterior  lobe. 
The  secondary  evagination  is  early  recognized,  as  the  epitheUum 
here  is  thickened  (page  408).  The  opening  from  the  mouth 
to  the  early  hypophyseal  anlage,  or  Rathke's  pouch,  secondarily 
comes  to  open  in  the  later  evagination  (page  410)  of  which  there 
is  only  one  in  Squalus.  The  inferior  lobes  and  the  superior  "obe 
develop  from  the  early  hypophyseal  anlage  in  Squalus,  as  has 
been  described  (pp.  410-11).  The  hypophyseal  stalk  is  not 
constricted  from  the  anterior  lobe  with  the  developing  ventral 
lobes  but  remains  connected  with  the  caudal  wall  of  the  middle 
portion  of  the  anterior  lobe  until  it  disappears. 


Digitized  by  Google 


DEVELOPMENT   OF  THE   HYPOPHYSIS  446 

BIBLIOGRAPHY 

Ahebu,  M.    1914    L'ipofiai  in  Chiraaera  monetrosa  L.  Anat.  Ana.  Bd.  47. 
Balfour,  F.  M.    1874    A  preliminary  account  of  the  development  of  the  elasmo- 

branch  fiahea.     Quart.  Jour.  Miar.  Sc,  vol.  14. 

1878    A  monograph   on   the   development  of  elaamobranch   fishes. 

London. 
BoBCKBABDT,  R.    1907    Daa  Zentral-nervensystem  der  Selachier  als  Grund- 

lage  ftir  eine  Pbylogenie  des  Vertebratenhirns.    I  Teil :  Einleitung 

und  Scymnug  lichia.    Abh.  d.  Kais.  Leop  -Carol.    Deutschen  Akad.  d, 

Naturf.,  Bd.  73. 

1911    Daa  ZentraUnervenayatem  der  Selachier.    II  Teil.    Die  itbriger 

PaltloBelachieT.    Nova  Acta.    Abh.  dee  Kais.  Leop. -Carol.    Deutachen 

Akad.  d.  Naturf.,  Bd.  94. 
Chiaruoi,  G.    1898    Di  un  organo  epitheliale  situato  al  dinanzi  della  ipoSai 

e  di  altri  punli  relativi  alio  sviluppo  della  regione  ipofiearia  in  embrioni 

di  Torpedo  ocellata.    Monit.  2ool.  Ital.,  vol.  9. 
Edinqer,    L.    J  888    Unterauchungen   ilber    die    vergteichende    Anatomie    dea 

Gehims.    I  Daa  Vordenhim.    Frankfort  a.  M. 

1892    Untersuchungen  Uber  die  vergleiohende  Anatomie  des  Gehime. 

II  Daa  Zwiecbenhim.    Frankfort  a  M.;  alao,  Anat.  Anz.,  Bd.  7. 
Gentbs,  L.    1906    Signification  choroidienne  du  sac  vasculaire.    Compt.  rend. 

Soc.  Biol.,  T.  60;  also  Rfiun.  Biol.,  Bordeaux. 

1907  R^cherchfs  aur  I'bypophyae  et  la  sac  vaaculaire  des  vert^br^. 
Travaux  des  Laborat.  Bordeaux.  Soc.  Sci.  d'Arcacbon  Sta.  biol., 
Pt.  1. 

1908  a  Diveloppement  compart  de  la  gtande  infundibulaire  et  dea 
plexus  choroides  dorsaux  chez  la  torpilte.  Compt.  rend.  Soc.  Biol. 
Paris,  T.  64. 

1908  b  Sur  le  d^veloppement  dea  lobes  intfirieura  chei  lea  Selaciena. 
Compt.  rend.  Soc.  Biol.  Paris,  T.  64. 

1908  c  Lea  lobea  lateraux  de  I'hypophyae  de  Torpedo  mannorata 
Riaso;  d^veloppement  du  sac  inf^rieur  de  cette  hypophyse.  Compt. 
rend.  Soc.  Biol,  Paris,  T.  64. 

1908  d  Dfiveloppement  et  Evolution  de  I'bypencephale  et  de  I'bypo- 
physe  de  Torpedo  marmorata  Risso.  Trav.  Soc.  Sci.  Arcachon, 
Sta.  Zool.,  T.  11. 

Hallbr,  B.    1896    Untereuchungen  Uber  die  Hypophyais  und  die  Infundibular- 

organe.    Morpb.  Jahrb.,  Bd.  25. 
Hesrinq,  P.  T.    1908    A  contribution  to  the  comparative  physiology  of  the 

pituitary  body.    Quart.  Jour.  Expt.  Phya.,  vol.  1. 
Hoffmann,  C.  K.    1896    Beitrage  Bur  Entwicklungsgeschichte  der  Selachii. 

Morph.  Jahrb.,  Bd.  24. 
JoBNSTON,  J.  B.    1909    The  morphology  of  the  forebrain  vesicle  in  vertebrates. 

Jour.  Gomp.  Neur.,  vol.  19,  no.  5. 
JoRis,  H.    1908    Le  lobe  poat^rieur  de  la  glande  pituitaire.    Mem.  d.  I'Acad. 

de  MM.  d.  Belgique,  T.  19. 

1909  Le  glande  neuro-hypophysaire.  Compt.  rend.  d.  I'Agaoc.  dea 
Anat.,  11  lUun. 


Digitized  by  Google 


446  E.   A.   BAUUGARTNER 

VON  KUPFFBB,  C.    1894    Die  Deutung  des  Himanhanga.  Sitzungsber.  d.  Gea. 

t.  Morph,  u.  PhyB.  in  MUnchen. 
VOK  Miklucho-Maclay,  N.    1868    Beitrag  zur  vergleichenden  Anatomie  des 

GeKimes.    Jena.  ZeitBcli.,  Bd.  4. 

1870    Beitrgge  zur  vergleichenden  Neurologie  der  Wirbethiere.    Daa 

Getiim  der  Selachier.    Leipzig. 
MUller,   W.    1871    Ucber  Entwickelung  und  Bau  der  Hypophysis  imd  der 

Processus  infundibuli  cerebri.    Jena.  Zeitsch.  f.  Med.  u,  Naturwise., 

Bd.  6. 
KisntKAWA,  T.    1899    Notes  on  some  embryos  of  ClilamydoselacbuB  anguineus 

Garm.    Annotationcs  zool.  japonenscs,  vol.  2. 
Pettit,   A.    1906    Sur    I'hypophyee    de    CentroBcymnus    caelolepis    Boc.    et. 

Cap.    Compt.  Rend,  de  la  Soc,  do  Biol.,  T.  61. 
RABL-HticKHARD,  H.    ISSO    Das  gegenseitige  Verba Itn is  der  Chorda,  Hypophysis 

und   des   mittleren   Schadelbalkcns   bei   Haifiscb  embryonen,  sebst 

Bemerkungon  uber  die  Deutung  der  einielnen  Theile  des  FiBchgehims. 

Morph.  Jahrb.,  Bd.  6. 
Reichert,  H.    1877    Ueber  das  vordere  Ende  der  Chorda  doraalis  bei  frUhzeiti- 

gen  Haifiscb  Embryonen  (Acanthias  vulgaris).    Abb.  d.  kdngl.  Akad. 

WiBS.    Berlin. 
RoHON,    J,    V.     1879    Das   Zentralorgane   des    Nervensystems   der   Selachier. 

Denkaehr.  k.  Akad.  Wiss.  Wien.,  math,  naturw.  Kl. 
Rossi,  V.     1902    Kopraiiobi lateral! dellaipofiBi.    Arch.  Ital.Anat.  Embr.,  vol.1. 
Sanders,  A.     1886    C'ontribution  to  the  anatomy  of  the  central  nervous  system 

in  vertebrate  animals.    Phil.  Trans.  Roy.  Soc.  London,  vol.  177. 
Sabse,  H,  F.  a,    1886  'Bydrage  tot  de  kennia  von  de  ontwikkelungen  beteekenis 

der  Hypophysis  cerebri.    Diss.  Utrecht. 
ScAMMON,  R.  E.     1911    Normal  plate  of  the  development  of  Squalus  acanthias. 

Normt.  z.  Entwicklungsgeschichte  d.  Wirbeltiere,  H.  12. 
Seduwick,  a.    1392    Notes  on  elasmobraneh  development.    Quart.  Jour.  Micr. 

Soc,  vol.  33. 
Sewertzopf,  a.  N.    1899    Die  Entwicklung  des  Selachier  Sch&dets.    Festsch. 

zum  70.    Geburtstag  von.  C.  v.  Kupffer,  Jena. 
SrENDBLt,  W.    1913    Zur  vergleichenden  Anatomie  und  Histologie  der  Hypo- 
physis cerebri.    Arch,  f.  mikr.  Anat.,  Bd,  82, , 
Stehzi,  G,    1904    Intorno  alia  struttura  dell'  ipofisi  nei  Vcrtebrati,    Atti  dell' 

Acad.  so.  vencto-  trentino-  istriano,  vol.  1. 

1909    II  sistema  nervosa  centrale  dei  Vertebrati,  vol.  2,  libro  1,  P.  1; 

Padova, 

1912    II  Biatema  nervosa  centrale  dei  Vertebrati,  vol.  2,  libro  1,  P.  2; 

Padova. 
TiLNEY,  F.    1911    Contribution  to  the  study  of  the  hypophysis  cerebri  with 

especial  reference  to  its  comparative  histology.     Memoira  of  The 

Wiatar  Institute  of  Anatomy  and  Biology,  no.  2. 
ViAnLT,  F.     1876    Recherches  hiatologiques  sur  la  structure  des  centres  nerveaux 

des  PI  agios  tomes.    Arch,  d,  Zool.  Exp6rimenta1e,  T.  5. 
ZiEOLER,  H,  E,    1908    Ein  Embryo  von  ChlamydoBelachus  anguineus  (Garm). 

Anat,  Anz,,  Bd.  33. 


Digitized  by  CjOOQIC 


proceedings  of  the  .\inerican  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.    December  31,  1913. 

Ji9.  The  development  of  the  gaU  bladder  and  bile  ducts  in  amblystoma. 

E.  A,  Baumgartner,  Institute  of  Anatomy,  University  of  Minnesota. 

Models  of  embryos  4.5  mm.  long  show  that  the  liver  anlage  is  a  ven- 
.  tral,  somewhat  caudal  projection  of  the  gut  lumen  caudal  to  the  heart. 
That  this  does  not  correspond  to  the  caudal  hepatic  duct  described  in 
chick  is  shown  by  later  stages.  In  models  of  embryos  about  7  mm.  long 
we  see  this  early  ventral  outpouching  has  turned  cranialward.  In  the 
ventral  wall  where  the  primitive  common  duct  joins  the  gut  lumen  a  me- 
dian depression  shows  the  earliest  anlage  of  the  gall  bladder.  In  stages 
of  about  9  mm,  length  the  folds  have  become  numerous  and  are  the  anlage 
of  radicles  of  the  mam  hepatic  ducts.  That  they  are  not  entirely  formed 
by  the  tunneling  in  of  blood  vessels  as  has  been  described  by  Shorfe,  ia 
shown  by  the  fact  that  furrows  are  found  in  which  no  blood  vessels  are 
present.  The  early  anterior,  and  laterally  extending  duct  shows  be- 
ginning constriction  and  elongation  into  right  and  left  hepatic  ducts. 
A  little  later  the  gall  bladder  has  shifted  to  the  right  and  is  no  longer 
widest  transversely.  The  cystic  duct  also  has  shifted  to  the  right,  now 
being  attached  to  the  ventral  side  of  the  right  hepatic  duct.  The  shift- 
ing of  the  gall  bladder  is  accompanied  by  a  shifting  of  the  entire  caudal 
part  of  the  liver  due  to  the  sinistral  and  ventral  growth  of  the  stomach 
and  duodenum. 

From  graphic  reconstructions  of  late  embryos  we  see  an  arrangement 
of  the  biliary  apparatus  as  shown  in  the  following  outlme: 

Common  duct 


I  1 

left  hepatic  duct  right  hepatic  duct 

,-'--,  r    '-    , 

It.  lat.  ramus    It.  mod.  ramus  rt.  med.  ramiiR    rt.  lat,  ramus 

,',      i-J,  t'-i       I  '-I 

iches — lat.,  med.        lat.,  med.  med.,  lat.  med.,  lat. 


Occasionally  the  left  medial  and  right  medial  rami  jom  to  form  one  duct 
which  subtlivides  as  a  single  stem.     This  is  a  secondary  union  and  per- 
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eietB  in  the  adult.  Also  in  some  cases  the  cystic  duct  was  found  to  be 
one  subdivision  further  removed,  that  is,  it  was  attached  to  a  radicle  of 
the  lateral  branch  of  the  right  hepatic  ramus. 

In  embryos  between  10  and  12  mm.  in  length,  division  and  growth  of 
the'  early  duct  into  right  and  left  hepatic  ducts  and  of  these  into  rami 
takes  place.  A  graphic  reconstruction  of  a  13  mm.  stage  shows  that  this 
has  taken  place.  The  gall  bladder  here  is  now  longest  postero-anteriorly 
and  the  short  cystic  duct  extends  upward  and  to  the  left.  A  model  of 
a  14  mm.  embryo  shows  that  the  gall  bladder  has  shifted  more  to  the 
right  and  that  its  duct  which  is  attached  to  the  extreme  anterior  end 
extends  somewhat  upward  and  to  the  left. 

A  model  of  the  biliary  apparatus  of  a  sightly  older  embryo  shows 
greater  development  of  the  duct  system.  The  gall  bhidder  is  longer 
anteroposteriorly,  its  duct  is  attached  more  caudally  and  is  almost 
horizontal.  In  a  15  mm.  embryo  there  is  a  short  common  duct,  but  the 
right  and  left  hepatic  ducts  are  longer.  The  right  lateral  shiftily  here 
is  more  marked.  The  cystic  duct  extends  horizontally  to  the  left.  This 
stage  marks  the  extreme  caudal  attachment  of  the  cystic  duct  to  the 
gall  bladder. 

At  the  20  mm.  stage  the  lateralward  shifting  is  very  marked.  The 
right  hepatic  duct  is  now  somewhat  dorsal  to  the  left.  Here  the  right 
and  left  medial  rami  have  united  to  form  one  duct.  The  gall  bladder 
has  increased  very  materially  in  size,  particularly  in  its  caudo-cranial 
diameter.  The  cystic  duct  has  shifted  toward  the  anterior  end  and  now 
projects  to  the  left  and  downward.  The  extreme  of  the  lateralward 
shifting  has  been  reached  in  a  35  mm.  embryo.  The  right  hepatic  duct 
here  is  quite  dorsal  in  position  in  relation  to  the  left.  Its  lateral  radicles 
are  also  more  dorsal  than  its  medial.  The  left  lateral  ramus  has  turned 
caudalward  to  supply  hepatic  radicles  to  the  further  caudal  extending 
left  lobe  of  the  liver.  The  gall  bladder  has  increased  in  its  dorso-ventr^ 
diameter.  Its  duct  is  attached  at  the  anterior  end  and  extends  toward 
the  left  and  downward  as  before.  In  a  45  mm.  embryo  and  larger  ones 
the  right  and  left  hepatic  ducts  are  again  more  nearly  in  a  horizontal 
plane.  The  cystic  duct  is  attached  to  the  anterior  medial  end  of  the  gall 
bladder. 

Summary.  (1)  The  ductus  choledochus  develops  as  the  early  an- 
terior directed  duct  from  the  gut.  (2)  The  right  and  left  hepatic  ducts 
develop  as  divisions  of  the  ductus  choledochus  and  by  growth  and  divi- 
sion form  the  hepatic  rami  and  branches.  (3)  The  gall  bladder  begins 
as  a  median  ventral  outpouching  of  the  early  anterior  forming  liver 
anlage.  It  is  first  widest  laterally  and  finally  obliquely  caudo-cranially. 
(4)  There  is  an  early  right  lateral  shifting  bf  the  biliary  apparatus. 
Along  with  this  there  is  a  constant  shifting  direction  of  the  cystic  duet 
in  keeping  with  the  dorsalward  migration  of  the  gall  bladder.  (5)  The 
cystic  duct  is  early  closed  off  with  the  right  hepatic  and  fiimlly  is  attached 
to  the  lateral  branch  of  the  right  lateral  ramus. 
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ON  THE  VASCULARIZATION  OF  THE  SPINAL 
CORD  OF  THE  PIG 

E.  R.  HOSKINS 

From  Ike  Inslilule  of  Anatomy,  University  of  Minnesota 

FIVE   FIG  CUES 

HISTORICAL 

Until  1904  little  work  had  been  done  upon  the  development  of 
the  blood-vessels  of  the  spinal  cord,  except  that  of  His  ( '86)  who 
undertook  to  follow  the  growth  of  these  vessels  in  human  embryos. 
The  observations  of  this  author  have  been  largely  disputed  by 
Sterzi  ( '04)  and  Evans  ( '09) ,  the  two  writers  who  have  done  most 
of  the  work  in  this  field. 

By  far  the  most  comprehensive  publication  upon  the  develop- 
ment of  the  vessels  of  the  spinal  cord  is  that  of  Sterzi  {'04).  In 
this  he  discusses  the  development  of  the  vessels  in  the  five  higher 
classes  of  vertebrates.  As  a  type  of  the  Mammalia  he  uses  the 
sheep.     He  brings  out  the  following  points : 

The  blood-vessels  first  approach  the  cord  at  the  ventro-lateral 
border  and  spread  over  the  ventral  surface,  then  over  the  lateral, 
and  finally  over  the  dorsal  surface.  Each  vertebro-medullary 
artery  as  it  approaches  the  cord  divides  into  a  ventral  and  a  dorsal 
ramus,  the  ventral  and  dorsal  radical  arteries.  The  ventral  radi- 
cals from  either  side  halt  at  the  lateral  edges  of  the  floor-plate, 
and  each  divides  into  a  cranial  and  a  caudal  branch.  These 
anastomose  with  those  of  adjacent  segments  and  form  two  longi- 
tudinal arteries  on  the  ventral  surface  of  the  cord,  the  "tractus 
arteriosus  primitivus."  Later  they  send  out  medial  rami  and 
through  these  become  connected.  Still  later,  alternate  parts  of 
the  two  tracts  degenerate  while  other  parts  continue  to  develop. 
These  enlai^ed  segments  are  joined  together  through  their  medial 
rami  and  form  a  single  ventral  artery  which  Sterzi  terms  the 
tractus  arteriosus  ventralis,  and  which  is  the  anterior  spinal  artery 
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of  most  authors.  From  the  primitive  tract,  dorsal  rami  enter  the 
substance  of  the  cord.  Each  dorsal  ramus  forms  a  loop  and  gives 
rise  to  a  vein,  which  courses  ventrally  and  enters  the  primitive 
sulcus.  Later  other  vessels  extend  into  the  cord  from  the  lateral, 
and  still  later  from  the  dorsal  surface. 

The  dorsal  radical  arteries,  where  they  divide,  form  many  small 
longitudinal  capillaries  just  ventral  to  the  points  of  emergence  of 
the  dorsal  nerve  roots.  From  these  capillaries  there  is  formed 
later  a  longitudinal  artery  on  either  side  of  the  cord,  in  this  plane 
(tractus  arteriosus  lateralis).  The  vessels  entering  the  cord  are 
frst  solid  and  later  become  hollow. 

Evans  ( '09)  shows  by  a  series  of  injected  pigs  the  early  develop- 
ment of  anterior  spinal  artery  In  his  figures  the  mid-ventral 
surface  of  the  cord  is  shown  to  be  free  from  vessels  until  the  em- 
bryos are  8.5  mm.  in  length,  and  the  mid-posterior  surface  until 
after  the  pigs  are  between  8  and  10.5  nmi.  in  length.  He  does  not 
take  up  the  later  stages. 

MATERIAL  AND  METHODS 

For  a  study  of  this  nature,  injected  embryos  are  indispensable, 
and  they  are  best  injected  while  living,  with  warm  india  ink 
diluted  one-half  with  weak  ammonia  water.  It  is  preferable  to 
inject  through  the  umbilical  artery  rather  than  through  the 
umbilical  vein,  because  the  arteries  are  less  readily  ruptured 
and  because  the  route  between  them  and  the  vessels  of  the  spinal 
cord  is  much  more  direct. 

Embryos  used  for  thin  serial  sections  are  better  if  they  are  con- 
gested instead  of  being  injected.  This  congestion  is  accomplished 
as  follows:  The  umbihcal  cord  is  tied  while  the  embryo  is  yet 
living,  thus  causing  an  increase  in  the  blood  pressure  in  the  aorta. 
One  of  the  most  direct  outlets  for  this  increased  pressure  is  the 
system  of  segmental  arteries,  and  through  these  the  bloodvessels 
in  and  around  the  spinal  cord  soon  become  engorged.  When 
this  condition  is  reached,  as  evidenced  by  the  increased  redness 
of  the  dorsal  region  of  the  embryo,  the  live  embryo  is  dropped 
into  a  fixing  fluid  which  penetrates  rapidly  so  that  the  capillaries 
are  fixed  before  they  collapse.     Bouin  's  picro-formo-acetie  mi)(- 
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ture  serves  this  purpose  very  well.  Embryos  treated  in  this 
manner  show  the  smaller  vessels  much  more  plainly  than  those 
fixed  in  the  usual  way. 

Small  injected  embryos  which  have  been  cleared  in  oil  may  be 
dissected  under  the  binocular  microscope  and  all  the  external 
vessels  of  the  cord  demonstrated,  or  they  may  be  sectioned  in 
celloidin  to  show  the  internal  vessels. 

From  pigs  larger  than  25  or  30  mm.  the  cord  with  its  membranes 
may  be  dissected  out  and  embedded  in  celloidin  and  cleared,  or 
for  temporary  preparations  may  be  cleared  directly. 

Serial  sections  of  the  cleared  embryo  or  spinal  cord  can  be  kept 
permanently  between  two  pieces  of  paper  soaked  in  oil,  or  can  be 
transferred  to  slides  and  mounted  in  damar  gum.  To  make  slide 
preparations,  the  sections  are  cut  in  oil  and  placed  on  a  piece  of 
thin  paper  in  the  same  order  they  are  to  have  on  the  shde. 
Another  piece  of  oiled  paper  is  laid  down  upon  them  and  the  whole 
inverted.  The  first  paper  is  now  peeled  off  and  the  other  paper 
holding  the  sections  is  inverted  upon  the  shde.  This  paper  is 
then  peeled  off,  leaving  the  sections  on  the  slide  in  their  proper 
order.  They  may  then  be  washed  carefully  with  xylol,  and 
covered. 

There  are  several  advantages  in  a  study  of  this  kind,  in  section 
ing  celloidin-embedded  embryos  free-hand  in  oil.  The  cord  can 
be  turned  so  that  sections  may  be  cut  through  any  plane.  Sec- 
tioning is  done  more  rapidly  than  with  a  microtome,  and  much 
time  is  saved.  It  is  easy  to  make  transverse,  s^ittal  and  frontal 
sections  from  any  region  of  the  same  cord.  The  block  can  be 
examined  with  a  lens,  during  the  sectioning,  and  any  particular 
vessel  or  vessels  included  in  a  section.  Also,  sections  may  be 
made  of  different  shapes. 

BLOOD-VP-SSELS  OF  THE  NEAR  FULL-TERM  FETUS 

In  order  to  determine  as  near  as  possible  the  arrangement  of 
the  blood-vessels  of  the  spinal  cord  in  the  adult  condition,  a 
number  of  fetal  pigs,  near  full-term,  were  injected  and  their 
spinal  cords  dissected  out  for  study.  Although  these  showed  some 
variation  in  the  blood-vessels,  ^  i$  to  be  expected,  a  general 
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plan  was  to  be  observed.  The  following  description  is  of  the  typi- 
cal condition  found  in  the  blood-vessels  in  and  around  the  spinal 
cord  of  pigs  of  about  240  mm.  in  length: 

The  terminology  used  by  Kadyi  ( '89)  for  the  blood-vessels  of 
the  adult  human  cord  will  be  referred  to  frequently. 

On  the  surface  of  the  cord  at  this  stage  are  four  main  longitudi- 
nal arterial  systems  which  are  located,  one,  median  on  the  ventral 
surface;  one,  on  each  dorso-lateral  surface;  and  one  median  on 
the  dorsal  surface. 

The  vertebro-medullary  branches  of  the  dorsal  segmental 
arteries  approach  the  cord  laterally  and  each  divides  into  a  dorsal 
and  a  \'entral  branch  termed  the  poisterior  and  ventral  radical 
arteries  respectively  (figs.  1  and  2).  The  latter  reach  the  cord 
along  the  cranial  surface  of  the  spinal  nerves  and  ganglia,  and,  on 
the  cord,  run  cranially.  They  may  be  equally  distributed  to  the 
two  sides  of  the  cord  and  to  the  different  regions  of  it,  or  some 
regions  may  have  more  than  others.  They  average  eighteen  in 
number.  The  ventral  and  dorsal  radical  arteries  have  lost  their 
connection  with  the  vertebro-medullary  artery  in  places  and 
extend  between  the  artery  on  the  ventral  surface  of  the  cord  and 
one  of  those  on  the  dorso-lateral  surfaces. 

Soon  after  reaching  the  cord  each  ventral  radical  artery 
branches,  giving  off  one  ramus  which  courses  cranially,  and  an- 
other which  extends  caudally.  These  divisions  anastomose  with 
those  of  neighboring  ventral  radicals,  on  the  same  or  opposite  side 

Fig.  1'  Ventral  surface  of  the  middle  thoracic  region  of  Ihe  spinal  cord  of  a 
fcttti  pig,  240  mm.  in  Icntcth.  A.S.A.,  BDtcrior  spinal  artery;  A.R.V.,  ventral 
radical  artery;  T.A,P.,  accessory  anterior  spinal  artery  (remains  of  primitive 
arlerial  tract);  V.R.V.,  ventral  radical  vein;  V.S.A..  anterior  spinal  vein;  C.P., 
capillary  plexus.     X  6. 

Fig.  2  Dorsal  surface  of  the  same  part  of  tlie  cord  shown  in  figure  1.  A.M.D., 
median  dorsal  artery;  A.P.L..  dorso-lateral  artery;  .l.ff.D.,  dorsal  radical  art«ry; 
V .M.D..  median  dorsal  vein;  V .P.L.,  dorso-lateral  vein  and  plexus;  V.R.D.,  dorsal 
radical  vein;  V.L.,  dorso-lateral  venous  plexus.     X  10. 

'  The  figures  in  this  paper,  except  numbers  3  and  4,  were  drawn  with  a  camera 
luciila.  The  size  of  the  embryos  is  the  greatest  length,  as  measured  in  75  per  cent 
alcohol. 
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of  the  cord,  and  form  in  this  way  the  anterior  spinal  artery,  which 
lies  in  or  near  tlie  median  ventral  line.  Occasionally  a  radical 
artery,  instead  of  dividing,  goes  across  the  cord  and  joins  the 
cranial  or  caudal  ramus  of  the  one  on  the  opposite  side.  The 
anterior  spinal  artery  has  a  winding  course,  bending  laterally  to 
meet  the  vessels  which  form  it,  and  making  many  smaller  irregular 
bends  to  one  side  or  the  other.  In  some  places  it  may  lie  to  one 
side  of  the  mid-line  for  several  segments  and  where  this  occurs 
there  are  found  numerous  longitudinal  rami  of  the  anterior  spinal 
artery,  or  the  crania!  and  caudal  divisions  of  the  ventral  radicals. 
These  may  be  called  accessory  anterior  spinal  arteries,  and  are 
sometimes  present  even  where  the  anterior  spinal  artery  lies  in 
the  mid-line.  Here  they  are  located  between  this  vessel  and  cord, 
■at  the  lip  of  the  ventral  median  fissure.  They  are  the  remnants 
of  the  "  tractus  arteriosus  primitivus ' '  of  Sterzi. 

The  dorsal  radicular  rami  of  the  vertebro-meduUary  arteries 
are  much  more  numerous  than  the  ventral  ones.  They  course 
dorsally  along  the  cord  and  in  a  shghtly  cranial  direction,  to  a 
plane  just  ventral  to  the  emergence  of  the  dorsal  roots  of  the 
spinal  nerves,  where  they  divide  into  two  rami,  one  extending 
cranially  and  one  caudally.  Each  of  these  rami  anastomoses  with 
the  one  of  the  adjacent  segment,  and  thus  there  is  formed  on 
either  side  an  irregular  lon^tudinal  vessel,  the  dorso-lateral 
artery  (fig.  2;  tractus  arteriosus  postero-lateralis  of  Kadyi). 
From  this  artery  recurrent  rami  supply  the  dorsal  nerve  roots  and 
spinal  ganglia,  and  the  lateral  surface  of  the  cord.  Other  rami, 
two  or  three  in  each  segment,  and  much  larger  than  the  above, 
run  dorsally  and  by  longitudinal  anastomoses  with  each  other, 
and  with  similar  rami  from  the  opposite  side,  form  an  artery  in  the 
mid-dorsal  Une  which  may  be  termed  the  median  dorsal  artery. 

Very  small  rami  from  the  dorso-lateral  arteries  run  ventrally 
along  the  cord  and  unite  with  others  from  the  anterior  spinal 
artery,  forming  a  plexus  on  the  ventral  and  lateral  sides.  These 
ventral  rami  of  the  dorso-laterals  anastomose  freely  in  a  longitudi- 
nal direction  and  form  one  or  more  small  longitudinal  arteries 
between  the  ventral  and  dorsal  nerve  roots  in  some  parts  of  the 
cord.     These  are  the  tracti  arteriosi  laterales,  and  ventro-later- 
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ales,  of  Kadyi.  Still  other  small  rami  from  the  dorso-lateral  and 
median  dorsal  arteries  form  a  capillary  plexus  on  the  dorsal  and 
dorso-lateral  surfaces  of  the  cord.  In  a  few  places  along  the  cord 
the  dorso-lateral  arteries  are  double,  one  division  lying  dorsal  to 
the  dorsal  nerve  roots,  and  corresponding  perhaps  to  the  "tractus 
arteriosus  posterior"  of  Kadyi. 

The  median  dorsal  artery  is  a  very  irregular  longitudinal  vessel 
formed  by  the  dorsal  rami  of  the  dorso-lateral  arteries,  as  described 
above.  In  places  it  is  double  or  may  show  a  longitudinal  capillary 
arransement.  Many  of  its  lateral  rami  anastomose  longitudinally 
fonnjng  small  arteries  parallel  with  the  median  dorsal  artery 
(fig.  2).  This  is  also  true  of  the  dorsal  rami  of  the  dorso-laterals. 
By  the  anastomoses  of  the  rami  of  the  various  arteries  just  de- 
scribed, the  entire  cord  is  surrounded  by  an  arterial  vascular 
system,  and  from  all  parts  of  this  network  smaller  arteries  pene- 
trate its  substance. 

The  veins  of  the  spinal  cord  are  in  three  principal  longitudinal 
systems,  and  other  smaller  ones.  Of  the  three,  two  are  dorsal 
and  one  ventral.  All  three  show  evidence  of  their  capillary  origin. 
The  anterior  spinal  vein  is  the  smallest  of  the  three  (fig.  1).  It 
lies  between  the  cord  and  the  arteries,  in  the  median  ventral  line. 
It  is  larger  than  the  accessory  anterior  spinal  arteries,  but  never 
attains  the  size  of  the  anterior  spinal  artery  proper.  It  is  very 
irregular  and  in  some  regions  is  entirely  replaced  by  a  narrow  net- 
work of  capillaries. 

On  either  side  of  the  median  ventral  sulcus,  the  cord  is  covered 
with  large  venules,  some  of  which  lie  between  the  cord  and  the 
arteries,  and  some  of  which  are  external  to  the  latter.  They  are 
often  two  or  three  times  as  large  as  the  arterioles  to  which  they 
correspond.  They  anastomose  freely  with  the  anterior  spinal 
vein  and  empty  laterally  into  the  ventral  radical  veins  which  are 
in  close  relation  with  the  ventral  nerve  roots  and  ventral  radical 
arteries,  but  which  are  much  more  numerous  than  the  latter,  one 
being  present  on  nearly  every  nerve  root.  They  drain  blood  also 
from  the  lateral  surface  of  the  cord.  Their  ventral  and  dorsal 
rami  often  form  short,  small,  longitudinal  veins  by  anastomoses, 
some  of  which  in  other  animals  have  been  named,  antero-lateral, 
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etc.  The  blood  from  the  anterior  spinal  veins  and  venous  capil- 
laries of  the  general  ventral  surface  form,  in  places,  transverse 
channels  which  are  perhaps  large  enough  to  be  called  veins. 

On  either  side  of  the  dorsal  surface  of  the  cord  there  extends 
longitudinally  a  large  irregular  \-ein,  the  dorso-lateral,  about  half 
way  between  the  artery  of  the  same  name,  and  the  median  dorsal 
artery.  Some  parts  of  these  vessels  and  their  rami,  like  the  ven- 
tral venous  capillaries,  lie  external  to  the  arteries  and  some  internal 
to  them.  They  are  the  largest  vessels  on  the  cord  with  the  excep- 
tion of  the  anterior  spinal  artery  (compare  figs.  1  and  2j.  Dor- 
sally  these  veins  are  united  through  large  capillaries,  and  blood 
leaving  the  cord  in  the  median  line  may  flow  either  to  the  right  or 
left.  Half  way  between  two  consecutive  nerve  roots  the  dorso- 
lateral \'eins  usually  break  up  into  many  divisions  so  that  each 
may  be  seen  to  drain  blood  from  adjacent  halves  of  two  segments. 
Laterally  they  empty  through  one  or  more  divisions  into  the  large 
dorsal  radical  veins,  one  of  which  lies  upon  each  dorsal  nerve 
root  (fig.  2). 

A  fourth  longitudinal  venous  system,  smaller  than  the  three 
described,  lies  in  the  median  dorsal  sulcus.  It  resembles  the 
dorso-lateral  veins  except  that  it  is  more  irregular,  and  in  places 
it  may  be  entirely  lacking.  Its  lateral  rami  empty  in  the  dorsal 
venous  capillary  plexus  or  directly  through  latter  vessels  into  the 
dorso-lateral  veins.  It  may  be  termed  median  dorsal  venous 
system. 

Some  of  the  venous  capillaries  of  the  lateral  surface  drain  into 
the  dorso  radical  veins,  some  into  the  dorso-lateral  veins,  and  some 
into  ventre  radical  veins,  and  all  these  vessels  together  with  the 
anastomoses  of  the  veins  on  the  ventral  and  dorsal  surfaces  al- 
ready mentioned  above,  completely  surround  the  cord  with  a 
venous  system,  corresponding  to  the  system  described  for  the 
arteries. 

Of  the  arteries  entering  the  cord,  the  largest  are  those  in  the 
ventral  fissure,  the  ventral  central  arteries,  which  form  two  nearly 
parallel  rows,  but  which  are  not  pau-ed.  They  arise  from  the 
anterior  spinal  arteries,  or  the  accessory  anterior  spinal  arteries. 
They  show  evidence  of  the  capillary  origin  in  longitudinal  anas- 
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tomoses  found  between  vessels  of  the  same  side.  These  anas- 
tomoses are  numerous  in  the  fissure,  particularly  near  the  vessels 
from  which  the  ventral  central  arteries  arise. 

The  ventral  central  arteries  vary  considerably  in  size,  some  being 
as  lat^e  as  the  vessels  they  arise  from  and  others  much  smaller 
{fig.  3).  The  course  of  the  smaller  vessels  is  usually  more  irregu- 
lar than  that  of  the  lai^er.  They  pierce  the  substance  of  the  cord 
at  different  levels,  some  entering  near  their  origin  and  others 
extending  some  distance  into  the  fissure.  Their  general  course 
is  dorso-lateral,  but  those  entering  near  the  mouth  of  the  fissure 
may  bend  very  sharply  to  the  side  and  enter  the  ventral  horn  of 
the  gray  substance.  The  others  course  more  dorsally  nearly  to 
the  level  of  the  central  canal  where  they  make  a  decided  lateral 
bend,  and  divide  into  two  or  more  rami,  although  sometimes  they 
give  off  rami  more  ventrally  than  this  (figs,  3  and  4).  The  princi- 
pal divisions  of  these  arteries  extend  in  a  longitudinal  plane,  and 
anastomose  with  similar  rami  of  adjacent  vessels.  They  also  give 
off  smaller  arteries  and  capillaries  which  ramify  through  the 
gray  matter  in  all  directions,  helping  to  form  a  dense  plexus.  The 
longitudinal  arteries  tend  to  form  loops  after  they  have  coursed 
in  one  direction  for  a  short  distance,  as  they  do  in  young  embryos 
{fig.  5).  One  artery  may  form  several  such  loops,  producing  as 
many  longitudinal  vessels,  each  succeeding  vessel  lying  dorsal  or 
lateral  to  the  last,  and  of  a  lesser  caliber.  These  smaller  longi- 
tudinal vessels  anastomose  with  each  other  ventro-dorsally  and 
laterally  by  rami  which  usually  leave  them  at  right  angles,  and 
also  anastomose  with  rami  from  vessels  other  than  the  ventral 
central  arteries,  as  will  be  described  later. 

Besides  the  rami  of  the  central  arteries  just  described,  other 
rami  extend  farther  laterally  into  the  gray  substance  before 
branching.  Some  of  these,  instead  of  forming  longitudinal 
vessels,  form  small  irregular  ones  which  ramify  through  the  gray 
matter  in  all  directions,  anastomosing  with  similar  vessels  from 
other  arteries  in  this  region  and  forming  a  dense  capillary  plexus 
in  the  ventral  and  dorsal  horns. 

Other  arteries,  smaller  than  the  ventral  central  arteries,  enter 
the  cord  from  the  dorsal  median  sulcus  and  course  ventrally  and 
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laterally  to  the  dorsal  horns  of  the  gray  substance.  Here  they 
form  still  smaller  vessels  resembling  to  some  extent  those  formed 
by  the  ventral  central  arteries,  but  most  of  their  rami  are  short 
and  do  not  extend  longitudinally.  These  may  be  called  the  dorsal 
central  arteries,  but  they  are  more  similar  to  the  peripheral  arteries 
from  other  surfaces  of  the  cord,  than  to  the  ventral  centrals,  and 
perhaps  should  be  called  dorsal  peripheral  arteries.  They  give 
off  many  small  lateral  rami  in  the  white  substance  and  in  the  outer 
part  of  the  gray  substance. 

In  addition  to  these  vessels,  other  small  arteries  enter  the  cord 
from  aU  sides,  from  the  arteries  and  arterioles  which  surround  it. 
These  are  the  peripheral  arteries  referred  to  above.  They  are 
very  numerous  and  in  a  single  thick  cross  section  as  many  as  fifty 
or  sixty  of  them  may  be  counted.  They  give  off  short  rami  in 
the  white  layer  of  the  cord  and  extend  into  the  gray  layer.  These 
rami  branch  and  anastomose  and  form  a  loose  capillary  network. 
The  vessels  entering  the  gray  substance  enter  into  the  longitudinal 
plexus  already  described  and  give  off  lateral  rami  which  branch 
freely  and  anastomose. 

The  longitudinal  vessels  which  arise  from  the  ventral  central 
arteries  are  quite  large,  but  the  other  vessels  formed  from  these 
trunks,  and  those  formed  from  the  dorsal  central  and  peripheral 
arteries,  are  much  smaller.  A  very  thick  section  presents  a 
picture  of  an  inner  core  of  longitudinal  vessels  with  other  vessels 
extending  into  it  at  right  angles  from  all  points  on  the  periphery 
of  the  cord  (figs.  3  and  4). 


Fig.  3  Sagittal  section  from  the  lower  thoracic  region  of  the  spinal  cord  of  n 
240mm. fetal  pig.  .4.S.A.,  anteriorapinal  artery;<l.C.jl,,  ventral  central  artery; 
A.P.,  peripheral  artery;  A.C.P.,  dorsal  central  artery;  V.S.A.,  anterior  spinal 
vein;  V.C.A.,  ventral  central  vein;  V.C.P.,  dorsal  central  vein;  V.P.,  peripheral 
vein.     X  35. 

Fig.  4  Transverse  section  through  the  lower  thoracic  region  of  the  spinal  cord 
of  a  340  mm.  fetal  pig.  A.S.A.,  anterior  spinal  artery;  A.P.,  peripheral  artery; 
A.,  artery;  A.C.A,,  ventral  central  artery;  S.A.S.A.,  accessory  anterior  spinal 
artery;  A.P.L.,  dorao-lateral  artery;  A.M.D.,  median  dorsal  artery;  A.S.V,, 
anterior  spinal  vein;  V.,  vein;  V.P.,  peripheral  vein;  V.P.L.,  dorso-lateral  vein; 
V.M.D.,  median  dorsal  vein.     X  35. 
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devp:lopment  of  the  blood-vessels 

The  early  development  of  the  anterior  spinal  artery  has  been 
described  by  Evans  ('09)  andSterzi  {'04). 

Some  pig  embryos  of  12  mm.  show  a  fairly  well  developed 
anterior  spinal  artery,  while  in  others  of  14  or  15  mm.  it  is  just 
beginning  to  form.  Although,  after  this  vessel  is  once  formed,  it 
does  not  undergo  marked  changes,  there  is  some  modification. 
For  example,  the  ventral  radical  arteries  meet  it  at  right  angles 
or  nearly  so,  until  the  embryo  is  40  or  45  mm.  in  length.  There- 
after, the  growth  of  the  cord  and  the  fixed  position  of  the  radicals 
seem  to  cause  the  artery  to  be  pulled  laterally  by  the  radicals,  and 
a  gradually  decreasing  angle  is  formed  at  the  points  where  the 
radicals  meet  it  (fig.  1). 

As  the  embryo  grows,  the  number  of  radical  arteries  continues 
to  decrease  even  after  the  anterior  spinal  artery  is  well  formed. 
This  seems  to  be  true  until  the  embryo  reaches  the  length  of  about 
100  mm. 

Some  of  the  arterial  capillaries  on  the  ventral  surface  of  the 
spinal  cord  are  continuous  with  the  anterior  spinal  artery  directly, 
or  indirectly  through  remains  of  the  tractus  arteriosus  primitivus, 
and  others  are  continuous  with  the  capillaries  of  the  lateral  sur- 
faces of  the  cord. 

A  dorso-lateral  artery  is  formed  in  the  capillary  plexus  on  each 
of  the  lateral  surfaces  of  the  cord,  just  ventral  to  the  point  of 
emergence  of  the  dorsal  nerve  roots.  The  dorsal  radical  arteries 
branch  in  this  region  and  give  off  dorsal  and  lateral  rami,  which 
are  continuous  with  the  lateral  capillaries  just  mentioned.  A 
very  irr^ular  longitudinal  vessel  develops  where  certain  of  these 

Fig,  5  Tranaveree  section  through  the  mid  thoracic  region  of  the  spinal  cord 
of  an  11  mm.  pig  embryo.  T.A.P.,  primitive  arterial  tract;  R.D.T.A.P.,  R.L. 
T.A.P.,  R.M.,  doraal,  lateral,  and  medial  rami  of  the  primitive  arterial  tract; 
A.V.M.,  vertebro-medullary  artery;  A.R.V.,  A.R.D.,  ventral  and  dorsal  radical 
arteries;  C.R.,  Cr.R.,  D.R.,  V.R.,  caudal,  cranial,  doraal  and  ventral  rami  of  the 
dorsal  radical  artery;  D.P.,  D.L.P.,  dorsal  and  dorso-lateral  capillary  plexuses; 
D.L.C.G.,  V.L.C.G.,  dorso-lat«ral  and  ventro-latcral  groups  of  peripheral  capil- 
laries; V.L.T.P..  ventro-lat«ra!  venous  plexus;  r.fl.r.,  r.fi.D.,  ventral  and  dorsal 
radical  veins;  S.P.G.,  spinal  ganglion;  V.N.R.,  D.N.R.,  ventral  and  dorsal  nerve 
rooU;  S.N.,  spinal  nerve.     X  200 
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capillaries  increase  in  size,  perhaps  on  account  of  the  increased 
pressure  from  the  dorsal  radical  arteries.  This  longitudinal  vessel 
is  indicated  in  embryos  of  12  mm.  and  is  quite  strongly  developed 
in  embryos  of  15  to  18  mm.  In  these  stages  it  seems  to  dip  ven- 
trally  to  meet  the  approaching  radicals,  as  pointed  out  by  Sterzi 
for  the  sheep  ('04).  As  the  embryo  grows,  this  dorso-lateral 
artery  becomes  more  and  more  regular.  It  is  still  somewhat  ir- 
regular in  embryos  of  60  mm.  but  quite  regular  in  those  of  75  mm. 
The  dorso-lateral  artery  never  attains  the  size  of  the  anterior 
spinal  nor  is  it  ever  so  regular  in  its  course.  In  places  it  may  de- 
velop as  two  or  more  vessels,  but  these  are  always  smaller  than 
the  single  artery.  The  dorso-lateral  arteries  are  each  continuous 
with  the  capillaries  of  half  the  cord  in  the  early  stages,  but  as  the 
cord  increases  in  size  they  supply  directly  only  the  dorso-lateral 
surface. 

The  capillary  network  on  the  lateral  surface  of  the  cord  is  at 
first  continuous  with  that  extending  through  the  mesenchyma 
of  this  region  as  far,  laterally  and  dorsally,  as  the  myotomes  and 
body  wail  respectively.  In  later  stages  when  the  membranes  of 
the  cord  begin  to  develop,  the  connections  between  the  vessels  of 
the  cord  and  those  in  the  mesenchyma  around  it  are  lost. 

The  median  dorsal  artery  is  the  last  of  all  the  vessels  on  the  cord 
to  develop.  In  pigs  of  30  mm.  it  is  still  very  irregular  and  indefi- 
nite, and  is  entirely  lacking  in  places,  although  the  vessels  which 
go  to  form  it,  the  dorsal  rami  of  the  dorso-lateral  arteries,  may  be 
seen  in  embryos  of  20  mm.  In  pigs  of  45  mm.  it  is  quite  definite, 
lying  in  or  near  the  mid  line  of  the  dorsal  surface,  as  described 
above  for  the  240  mm.  embryo  It  never  becomes  very  regular, 
and  in  pigs  of  100  mm.  it  resembles  the  condition  seen  in  the  pig 
of  240  mm.  It  is  continuous  with  the  arterial  capillaries  of  the 
dorsal  surface  of  the  cord  and  with  the  dorso-lateral  arteries. 

In  addition  to  these  main  arterial  trunks  there  develop  on  vari- 
ous parts  of  the  cord,  especially  on  the  lateral  surfaces,  short 
longitudinal  arteries.  These  are  never  large  or  regular.  They 
have  been  described  in  connection  with  adult  human  cord  under 
the  terms  "tractus  arteriosus;  ventro-lateralis,  posterioris,  and 
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lateralis"  (Kadyi).  Of  these,  the  "tractus  arteriosus  posterior" 
is  the  most  prominent  and  corresponds  to  the  description  in  this 
paper  of  parts  of  the  dorso-Iaterai  artery,  where  it  sometimes  has 
two  divisions,  one  of  which  runs  dorsal  to  the  dorsal  nerve  roots 
and  the  other  ventral  to  them.  The  dorsal  divisions  are  evidently 
the  same  as  this  '  tractus. ' 

The  veins  on  the  cord  develop  in  much  the  same  way  as  do  the 
arteries.  The  ventro-iateral  surface  of  the  cord  in  very  young 
embryos  is  covered  with  capillaries,  and  these  are  continuous  later- 
ally with  the  capillaries  in  the  mesenchyma  round  the  neural 
tube.  Medially  they  become  continuous  with  the  lateral  rami  of 
the  primitive  arterial  tract.  When  this  tract  becomes  separated 
from  the  cord  by  the  ingrowth  of  mesenchyma,  these  capillaries 
send  medial  outgrowths  between  the  tract  and  the  cord,  aa  seen 
in  embryos  of  12  to  15  mm.  Dorsally  they  grow  along  the  cord 
and  spread  over  the  dorso-lateral  surface  (pigs  of  6.2  mm.)  and 
later  over  the  dorsal  surface  (pigs  of  7.5  mm.).  Laterally  they 
spread  over  the  ganglia. 

From  the  ventral  surface,  the  blood  draining  away  through  the 
capillaries  soon  establishes  segmental  vessels,  the  ventral  radical 
veins,  which  course  laterally  along  the  nerve  roots.  Each  radical 
vein  on  one  side  drains  adjacent  halves  of  two  segments.  These 
receive  blood  from  the  capillaries  of  the  ventral,  lateral,  and 
ventro-iateral  surfaces.  Lying  in  the  ventral  median  fissure  in 
young  embryos,  small  longitudinal  veins  may  be  seen  in  different 
regions  of  the  cord,  and  in  embryos  of  25  to  30  mm.  a  fairly  definite 
longitudinal  vessel  may  be  found  here.  This  vessel  in  still  older 
embryos  becomes  a  more  definite  trunk  and  may  be  called  the 
anterior  spinal  vein.  It  never  attains  the  size  of  the  anterior 
spinal  artery.     Laterally  it  drains  into  the  ventral  radical  veins. 

Some  of  the  ventral  and  lateral  capillaries  of  the  younger  em- 
bryos, early  become  differentiated  into  veins.  This  is  especially 
true  of  the  dorsal  vessels.  From  these,  some  of  the  blood  drains 
laterally  out  through  vessels  in  the  mesenchyma  to  the  myotomes. 
A  pig  of  6.2  mm.  shows  three  planes  in  which  this  occurs,  one  on 
a  level  with  the  dorsal  surface,  one  just  above  the  level  of  the  ven- 
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tral  surface,  and  one  about  half  way  between  the  other  two.  At 
the  myotomes  the  blood  drains  ventrally  into  the  intersegmental 
veins.  Some  of  the  capillaries  of  the  lowest  of  these  three  planes, 
which  drain  the  blood  from  the  lateral  surface  of  the  cord  and  from 
the  ganglia,  soon  become  large  and  are  called  the  vertebro- 
medullary  veins,  one  pair  of  which  is  formed  for  each  segment.  In 
older  embryos  they  course  along  the  spinal  nerves  with  the  verte- 
bro-medullary  arteries.  They  receive  the  blood  from  the  ventral 
and  dorsal  radical  veins.  The  former  have  been  described.  The 
latter  develop  along  the  sides  of  the  ganglia  in  the  capillaries 
already  mentioned.  At  first  they  carry  only  a  part  of  the  blood 
from  the  dorsal  surface  of  the  cord,  but  later  (pigs  of  25  mm.)  they 
carry  practically  all  of  it.  They  are  more  numerous  than  the 
corresponding  ventral  radicals,  and  are  found  in  every  segment. 

The  venous  capillaries  of  the  dorsal-lateral  surface  on  either  side 
draining  toward  the  nerve  roots  early  establish  longitudinal  veins. 
These  are  only  about  half  as  long  as  a  segment  of  the  cord.  Fig- 
ure 5  of  an  11  mm.  pig,  shows  an  indifferent  plexus  on  this  sur- 
face, but  in  15  to  17  mm.  embryos,  fairly  definite  vessels  may  be 
seen.  These  become  more  and  more  regular  as  the  animal 
develops,  and  as  embryos  of  50  to  60  mm.  show,  they  form  a 
.  venous  system  on  either  side  of  the  cord  just  dorsal  to  the  dorsal 
nerve  roots,  much  like  that  described  for  the  240  mm.  stage. 
These  systems  constitute  the  dorso-lateral  veins  {fig.  2) . 

The  first  blood  vessels  entering  the  cord  grow  in  as  capillaries 
from  the  ventral  surface.  Sterzi  ('04)  reports  vessels  in  the  cord 
of  a  sheep  of  5.5  mm.,  but  they  were  not  apparent  in  the  cord  of 
pig  embryos  of  less  than  7,5  mm.  These  vessels  are  the  dorsal 
rami  of  the  primitive  arterial  tracts,  of  the  lateral  rami  of  these 
tracts,  and  of  the  other  capillaries  near  the  median  line.  They  are 
the  first  indications  of  the  central  arteries  and  veins.  They  form 
two  nearly  parallel  rows,  one  on  either  side  of  the  ependymal  layer, 
or  some  of  them  may  lie  in  this  layer.  They  grow  dorsally  about 
half  way  to  the  dorsal  surface  of  the  cord.  They  exhibit  numerous 
longitudinal  anastomoses  and  form  a  plexus  along  the  ateral  side 
of  the  ependymal  layer  in  each  half  of  the  cord.  These  are  true 
capillaries  at  first,  but  soon  differentiate  into  arteries  and  veins. 
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Hiose  comiDg  directly  from  the  primitive  arterial  tracts  all  become 
arteries,  while  those  coming  from  the  vessels  lateral  to  the  trsot 
may  become  either  veins  or  arteries. 

In  embryos  of  9.5  mm.  another  group  of  capillaries  may  be  seen 
to  have  entered  the  cord.  These  come  from  the  lateral  surface, 
extending  medially  nearly  to  the  central  canal.  Later  they  anas- 
tomose ventro-dorsally  and  longitudinally,  among  themselves 
and  with  the  vascular  sprouts  from  the  ventral  surface. 

The  vessels  in  the  cord  of  a  pig  of  11  mm.  present  the  following 
characteristics,  as  shown  in  figure  5.  Rami  from  the  primitive 
arterial  tract  may  anastomose  with  those  from  the  ventral  capil- 
Uuies.  Neighboring  vessels  of  the  same  kind  anastomose  freely 
and  give  ofT  lateral  rami  into  the  anlagen  of  the  ventral  horns  of 
gray  substance.  These  rami  branch  and  anastomose  with  each 
other  and  form  loops  which  anastomose  with  the  central  vessels 
from  which  they  arise,  or  with  neighboring  vessels.  In  a  plane 
just  above  the  anlagen  of  the  ventral  horns  each  of  the  central 
vessels  ends  blindly,  or  divides  into  a  caudal  and  a  cranial  ramus, 
which  anastomose  with  adjacent  similar  rami  and  form  irregulai 
longitudinal  vessels.  By  other  anastomoses  among  the  central 
vessels,  a  lonptudinal  plexus  is  formed,  which  covers  very  com- 
pletely the  lower  half  of  the  lateral  side  of  the  ependymal  layer. 

A  comparison  of  figures  3  and  5  shows  how  closely  the  form  and 
arrangement  of  these  capillaries  corresponds  to  that  of  the  future 
central  arteries  and  veins.  Besides  these  main  capillaries  two 
smaller  lateral  groups  are  present  at  this  stage.  These  may  be 
called  the  ventro-  and  dorso-lateral  groups,  and  later  form  periph- 
eral arteries  and  veins.  Both  groups  enter  the  cord  from  the 
capillaries  on  the  lateral  surface  between  the  dorsal  and  ventral 
nerve  roots.  The  ventro-lateral  group  enters  at  the  level  of  the 
dorsal  extremities  of  the  central  vessels,  and  courses  medially 
and  anastomoses  with  them.  Occasionally  the  ventro-lateral 
group  gives  off  rami  which  extend  into  the  anlagen  of  the  ventral 
horns.  The  capillaries  of  the  dorso-lateral  group  are  confined  to 
the  dorsal  two-fifths  of  the  cord,  and  although  they  anastomose 
with  each  other  at  this  stage,  they  do  not  anastomose  with  the 
central  or  ventro-lateral  capillaries.    They  course  medially  and 
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dorsally  along  the  ependjoua,  ending  blindly  or  forming  loops, 
but  do  not  reach  the  dorsal  surface. 

As  development  proceeds,  the  lateral  groups  of  capillaries 
shown  in  figure  5  spread  dorsally  and  ventrally  and  capillaries 
enter  the  cord  from  the  periphery.  With  the  exception  of  the 
above-mentioned  dorso-lateral  group  of  capillaries,  all  the  vessels 
entering  the  sides  of  the  cord  grow  toward  a  common  center, 
namely,  an  area  on  the  lateral  border  of  the  ependyma  about  half 
way  between  the  dorsal  and  ventral  surfaces,  llie  dorso-lateral 
group  of  capillaries  which  are  shown  in  the  same  figure  send  rami 
toward  this  center  after  the  embryo  attains  the  length  of  14  mm. 

The  vessels  from  the  dorsal  surface  grow  ventrally  along  the 
ependyma  and  unite  with  the  dorsal  rami  of  the  primitive  arteridl 
tract.  This  union  continues  the  plexus  on  the  lower  part  of  the 
ependyma  dorsally  so  that  the  ependyma  except  below  the  floor- 
plate  and  above  the  roof-plate,  is  entirely  surrounded  by  a  capil- 
lary plexus.  A  thick  transverse  section  of  the  cord  of  an  embryo 
of  25  nmi.  shows  this  plexus  with  munerous  vessels  extendii^ 
from  it  laterally  at  right  angles.  These  lateral  vessels  are  joined 
together  by  dorso-ventral  rami.  This  picture  is  characteristic 
of  the  cord  until  the  embryo  reaches  the  length  of  30  or  35  mm. 
when  it  is  changed  by  other  peripheral  vessels  meeting  the  epen- 
dymal  plexus  obliquely  and  by  the  branching  of  the  vessels  in  the 
anlage  of  the  gray  substance. 

By  this  time  the  central  arteries  from  both  the  ventral  surface 
(ventral  central  arteries)  and  from  the  dorsal  surface  (dorsal 
central  or  dorsal  peripheral  arteries)  have  become  quite  large, 
although  the  latter  do  not  nearly  equal  the  size  of  the  former. 
The  ventral  central  arteries  have  formed  more  longitudinal  loops 
similar  to  those  shown  in  figure  5.  They  are  separated  more 
and  more  from  each  other,  owing  to  the  growth  of  the  cord,  and 
as  this  separation  continues  the  longitudinal  vessels  grow  in  length. 

In  embryos  of  35  to  40  mm.  in  length  the  peripheral  arteries 
from  all  sides  together  with  the  lateral  rami  of  the  central  arteries 
have  formed  a  dense  plexus  in  the  gray  substance,  although  the 
white  substance  contains  only  the  peripheral  arteries  running 
through  it,  and  the  short  branching  rami  given  off  at  right  angles 
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from  them.  By  the  time  the  embryo  reaches  a  length  of  50  mm. 
the  capillaries  in  the  white  layer  have  much  the  same  appearance 
as  those  of  the  full  term  fetus,  except  that  in  the  latter  they 
branch  and  anastomose  more  freely  and  the  growth  of  the  cord 
tends  to  separate  both  the  peripheral  vessels  and  the  central 
vessels.  Embryos  of  75  to  100  mm.  in  lei^h  show  the  arteries  in 
the  cord  quite  as  completely  developed  as  in  the  240  mm.  embryo. 

The  posterior  rami  of  the  primitive  arterial  tract  in  the  ventral 
part  of  the  cord  of  embryos  of  12  to  15  mm.  are  more  numeroua 
than  the  central  arteries  in  the  240  mm.  embryo  which  are  formed 
from  them. 

The  veins  within  the  cord  develop  in  the  same  planes  as  the 
arteries,  and  from  the  same  plexus  of  capillaries  that  form  the 
latter.  They  may  be  called  the  central  and  peripheral  veins 
corresponding  to  the  similarly  named  arteries.  They  are  shown 
in  figures  3  and  4  in  a  fully  developed  condition. 


The  dorsal  rami  of  the  primitive  arterial  tract,  and  other  rami 
from  the  capillaries  in  its  immediate  vicinity  enter  the  cord,, 
forming  an  undifferentiated  capillary  plexus  (fig.  5)  and  this 
plexus  later  becomes  differentiated  into  arteries  and  veins.  It 
was  not  found,  as  stated  by  Sterzi  for  the  sheep,  that  each  dorsal 
ramus  of  the  primitive  arterial  tract  grows  into  the  cord,  and 
forms  a  loop,  giving  rise  to  a  vein  which  grows  back  along  the 
artery  to  the  ventral  surface. 

The  dorsal  raxcA  of  the  primitive  arterial  tract  are  more  numer- 
ous than  the  ventral  central  arteries  which  develop  from  them. 

Sterzi  reports  solid  blood-vessels  in  the  cord  of  sheep  of  5.5  mm. 
and  hollow  ones  in  those  of  6.6  mm.  In  pig  embryos  the  blood- 
vessels within  the  cord  seemed  to  appear  first  as  hollow  vessels. 
These  are  seen  first  in  embryos  of  7.5  mm.  in  length. 

The  "tracti  arteriosi  laterales"  of  Sterri,  are  the  dorso-lateral 
arteries  of  this  and  postero-lateral  of  other  papers,  and  are  the 
posterior  spinal  arteries  of  human  descriptive  anatomy.  Evans 
shows  these  two  tracts  first  united  by  medial  anastomoses  in  a 
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pig  of  8.5  mm.  in  lei^h,  but  many  such  anastomoses  are  to  be 
found  in  embryos  as  small  as  7.5  mm.  in  the  cervical  and  thoracic 
regions,  and  one  specimen  of  6.2  mm.  showed  them  in  the  cervical 
region. 

The  embryos  described  in  this  paper  show  the  mid-ventral  and 
mid-dorsal  surfaces  of  the  cord  to  be  covered  with  blood-vessels 
at  a  somewhat  earlier  stage  than  has  been  described. 

A8  reported  by  Sterzi  ('04)  and  Evans  ('09),  blood- vessels 
first  appear  on  the  ventro-lateral  surface  of  the  cord,  then  on 
the  ventral,  then  on  the  dorso-lateral,  and  finally  on  the  dorsal 
surface. 

The  blood-vessels  on  the  cord  are  continuous  with  those  in  the 
mesenchyma  surrounding  it  until  the  membranes  of  the  cord  are 
formed. 

It  is  generally  stated  in  textbooks  of  hiuuan  anatomy  that  the 
spinal  artery  arises  from  the  vertebral  arteries,  and  is  reinforced 
by  segmental  spinal  arteries.  It  is  rather  to  be  considered  that 
this  artery  arises  from  the  segmental  spinal  arteries,  and  anasto- 
moses with,  or  is  reinforced  by,  the  vertebrals. 

The  term  median  dorsal  is  suggested  for  the  artery  present  in 
places  in  the  median  dorsal  line  of  the  spinal  cord. 

My  thanks  are  due  to  Dr.  Richard  E.  Scammon  for  his  constant 
interest  in  the  progress  of  this  work,  and  for  his  many  helpful 
criticisms. 
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PERSISTENT    ARTERIAE    BRACHII     SUPERFICIALIS, 
ANTIBRACHII  SUPERFICIALIS  ET  MEDIANA 

E.  R.  HOSKINS 
Prom  the  Inslitule  <if  ATtalomy,  Umver»ily  of  Afinnesota 


An  unusual  artery  found  in  the  left  arm  of  a  man  of  thirty-seven 
years  seems  worthy  of  record. 

The  vessel  emerges  from  the  axillaris  midway  between  the 
aa.  subscapularis  and  thoracalis  lateralis,  on  the  median  side. 
It  runs  in  the  deep  fascia  anterior  and  medial  to  the  a.  axil- 
laris, the  a.  brachialis  andthe  n.  medianus,  almost  to  the  middle 
of  the  humerus,  where  it  crosses  the  a.  brachialis  and  the  n. 
medianus,  to  enter  the  m.  biceps  brachii  from  beneath,  through 
two  large  divisions. 

It  gives  off  two  small  cutaneous  rami  in  the  lower  axillary 
and  upper  brachial  regions.  In.  size  the  artery  is  about  two- 
thirds  that  of  the  normal  subssapularis  until  it  reaches  the  biceps 
muscle.  At  this  point  it  gives  rise  to  a  small  ramus  almost  at 
right  angles  to  it.  This  courses  lateral  and  anterior  to  the 
brachial  artery  in  the  deep  fascia,  becomes  superficial  at  the  el- 
bow, and  continues  anterior  to  the  ulna,  to  the  palm.  Here  it 
enters  into  formation  of  the  arcus  volaris  superficialis,  together 
with  the  a,  ulnaris.  The  arch  has  no  connection  with  the  a. 
radialis. 

There  is  no  ramus  of  the  a.  ulnaris  or  a,  interossea  which  may 
be  called  an  a.  mediana.  The  a.  mediana  described  in  this 
paper  has  no  relation  to  the  n.  medianus,  which  is  placed  deep 
in  the  forearm. 

The  embryologicai  significance  of  the  artery  in  question  may 
be  derived  from  Muller's'  figure  of  the  arteries  in  the  arm  of  an 

>  MQller   03,  Anat.  Hette,  Bd.  22,  Taf .  25-26,  fig.  9. 
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Fig.  1  Persistent  arteris  bmchii  superficialia,  antibrschii  superficialis  et 
rnediana.  The  rami  of  the  aa.  brachialia.  radialia  and  ulnaris  are  not  shown 
in  the  figure,  as  they  are  normal  except  for  the  two  diacrepanciee  noted. 

11.7  mm.  human  embryo  {'03).  From  this  figure  it  would  seem 
that  we  have  a  persistent  a.  brachialis  superficiaUs,  giving  rise 
to  an  a.  antibrachii  superficialis,  which  becomes  an  a.  mediana, 
but  all  anastomoses  with  the  a.  brachialis  have  been  lost.  As 
stated  by  some  texts  of  anatomy,  this  condition  is  one  that  is 
quite  rarely  found. 
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24-  On  the  developntent  of  the  digitiform  gland  in  Sgxudus  acanthias. 

E.  R.  HoSKiNs,  Institute  of  Anatomy,  University  of  Minnesota. 

The  digitifoim  gland  in  Aqualus  is  evidenced  first  by  a.  slight  thick- 
ening of  the  entodenn  of  the  dorso-Iateral  border  of  the  gut  just  poa- 
terior  to  the  spiral  valve.  This  may  be  seen  in  embryos  15  mm.  in 
length,  especially  in  those  sectioned  longitudinally.  The  thickening 
soon  pushes  laterally  to  form  a  hollow  bud  which  turns  and  grows 
anteriorly  along  the  gut.  The  form  of  the  curved  portion  at  the  point 
of  emergence  from  the  gut  always  persists  so  that  in  older  stages  and  in 
the  adult  this  portion  which  becomes  the  duct  of  the  gland  enters  both 
the  intestine  and  the  digitiform  gland  anteriorly. 

In  the  stage  of  28  mm.  it  may  be  seen  that  from  the  main  part  of  the 
gland  small  buds  resembling  the  original  form  of  the  gland  grow  laterally 
on  a'l  sides.  These  buds  become  tubules  extending  laterally  and  slightly 
posteriorly.  They  in  turn  give  rise  to  secondary  tubules  which  in  time 
form  irregular  groups  opening  into  the  primary  tubules.  This  condition 
is  to  be  found  throughout  development,  the  gland  becoming  a  compound 
tubular  structure,  the  secondary  tubules  arising  from  the  primary,  close 
to  the  main  lumen  of  the  gland. 

As  tha  gland  develops,  it  carries  the  mesentery  of  the  intestine  with 
it  and  is  thus  supported  from  the  dorsal  wall  of  the  body  cavity. 

The  entoderm  of  the  digitiform  gland  is  composed  at  first  of  four 
layers  of  low  columnar  or  cuboidal  cells  with  elongated  nuclei,  being 
similar  to  the  entoderm  of  the  gut  from  which  it  develops.  As  the  gland 
increases  in  length,  the  epithelium  is  gradually  reduced  to  one  layer 
ill  thickness.  Its  primary  and  secondary  tubules  both  arise  as  stnictures 
of  an  epithelium  of  one  layer  of  cells.  At  the  points  of  greatest  growth, 
namely,  at  the  distal  ends  of  the  tubules  the  nuclei  are  wider  and  shortei 
than  along  the  main  lumen,  often  being  spherical. 

The  epithelium  lining  the  main  or  central  lumen  later  thickens  giv- 
ing us  a  structure  of  two  layers  of  columnar  cells  with  rounded  nuclei 
in  the  full-term  fetus  and  of  four  layers  in  the  adult. 
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Borris'  Anatomy,  Sth  elltion,  1914. 


INTRODUCTION 

Bt  C.  M.  JACKSON,  M.S.,  M.D. 


A  NATOMY,  as  the  term  is  usually  employed^  denotes  the  study  of  the 
l\  structure  of  the  human  body.  Properly,  however,  it  has  a  much  wider 
-^ — ^  significance,  including  within  its  scope  not  man  alone,  but  all  animal  forms, 
and,  indeed,  plant  forms  as  well;  so  that,  when  its  application  is  limited  to  man, 
it  should  be  qualified  by  the  adjective  human.  Human  ATiatomy,  then,  is  the 
study  of  the  structure  of  the  human  body,  and  stands  in  contrast  to,  or  rather  in 
correlation  with,  Human  Physiology,  which  treats  of  the  functions  of  the  humaD 
body,  the  two  sciences.  Anatomy  and  Physiology,  including  the  complete  study 
of  man's  organization  and  functional  activities. 

Id  the  early  history  of  the  sciences  these  terms  sufficed  for  all  practical  needs, 
but  as  knowledge  grew,  specialization  of  necessity  resulted  and  new  terms  were 
from  time  to  time  introduced  to  de^gnate  special  lines  of  anatomical  inquiry. 
With  the  improvement  of  the  microscope  a  new  field  of  anatomy  was  opened  up 
and  the  science  of  Histology  came  into  existence,  assuming  control  over  that 
portion  of  Anatomy  which  dealt  with  the  minuter  details  of  structure.  So,  too, 
the  study  of  the  development  of  the  various  organs  gradually  assumed  the 
dignity  of  a  more  or  less  independent  study  known  as  Embryology,  and  the  study 
of  the  structural  changes  due  to  disease  was  included  in  the  science  of  Pathology; 
so  that  the  term  Anatomy  is  sometimes  Umited  to  the  study  of  the  macroscopic 
structure  of  normal  adult  organisms.  ' 

It  is  clear,  however,  that  the  lines  of  separation  between  Anatomy,  Histology, 
Embryology,  and  Pathology  are  entirely  arbitrary.  Microscopic  anatomy 
necessarily  grades  off  into  macroscopic  anatomy;  the  development  of  an  organism 
is  a  progressive  process  and  the  later  embryonic  or  foetal  stages  shade  gradually 
into  the  adult;  and  structural  anomalies  lead  insensibly  from  the  normal  to  the 
pathological  domains.  Furthermore  it  is  found  that  in  its  individual  develop- 
ment the  organism  passes  through  stages  corresponding  to  those  of  its  ancestry 
in  evolution;  in  other  words,  Ontogeny  repeats  Phylogeny.  A  comprehensive 
study  of  Anatomy  must  therefore  include  more  or  less  of  the  other  sciences,  and 
aince  an  appreciation  of  the  significance  of  structural  details  can  only  be  obtained 
by  combining  the  studies  of  Anatomy,  including  Histology  and  Embryology, 
and  since,  further,  much  light  may  be  thrown  on  the  significance  of  embryological 
stages  by  comparative  studies.  Anatomy,  Embryology,  and  Comparative  Anatomy 
form  a  triumvirate  of  sciences  by  which  the  structure  of  an  organism,  the  signi- 
ficance of  that  structure,  and  the  laws  which  determine  it  are  elucidated.  For 
this  combination  it  is  convenient  to  have  a  single  term,  and  that  which  is  used  is 
Morphology,  a  word  meaning  literally  the  science  of  form. 

In  morphological  comparisons,  the  tenn  homology  denotes  similarity  of  atructure,  due  to  a 
common  ongin  in  the  evolution  of  organs  or  parta;  while  analogg  denotes  merely  physiological 
eorrespondeDce  in  functioo.  Thus  the  arm  of  man  and  the  wing  of  a  bird  are  homologous,  but 
not  analoeouB,  structures;  on  the  otber  hand,  the  wing  of  a  bird  and  the  wing  of  an  insect  are 
onalgous,  but  not  homologous.  Seriid  homolagi/  refers  to  correspouding  parts  io  successive 
segments  of  the  body. 

Homenclftture. — Formerly  there  was  much  confusion  in  the  anatomical 
nomenclature,  due  to  the  multiplicity  of  names  and  the  lack  of  uniformity  in 
unng  them.  Various  names  were  applied  to  the  same  organs  and  great  diversity 
of  usage  prevailed,  not  only  between  various  countries,  but  also  even  among 
authors  of  the  same  country.  Recently,  however,  a  great  improvement  has  been 
made  by  the  general  adoption  of  an  international  system  of  anatomical  nomen- 


2  INTRODUCTION 

clature.  This  system  was  first  adopted  by  the  German  Anatomical  Society  at  a 
meeting  in  Basel,  in  1895,  and  is  hence  called  the  Basel  Nomina  Anatomica,  or 
briefly,  the  BNA.  The  BNA  provides  each  term  in  Latin  form,  which  is  ea- 
pecialiy  desirable  for  international  usage.  Bach  nation,  however,  is  expected  to 
translate  the  terms  into  its  own  language,  wherever  it  is  deemed  preferable  for 
everyday  usage.  Thus  in  the  present  work  the  Anglicised  form  of  the  BNA  is 
generally  used.  Where  not  identical,  however,  the  Latin  form  is  added  once  for 
each  term  in  a  place  convenient  for  reference,  and  is  designated  by  enclosure  in 
brackets  [  ].     Where  necessary  the  older  terms  have  also  been  added  as  synonyms. 

The  CommlBBion  by  whom  the  BNA  was  prepared  included  emioent  anatomiats  repreaent- 
ing  varioufl  European  nations.     The  work  of  the  Commission  was  vei^  thorough  and  careful, 

and  extended  through  a  period  of  six  years.  Amoa);  the  guiding  principlee  in  the  difficult  task 
of  Belecting  the  most  suitable  terms  were  the  followmg:  (1)  Eacu  part  should  have  one  name 
only.  (2)  The  names  should  be  as  short  and  simple  as  possible.  {3)  Related  structures 
should  have  similar  names.  (4)  Adjectives  should  oe  in  opposing  pairs.  A  few  exoeptions 
were  found  necessary,  however. 

On  account  of  its  obvious  merits,  the  BNA  system  has  been  generally  adopted  throudiout 
the  civilised  world,  and  the  results  are  very  satisfactory.  Comparatively  few  new  terms  nave 
been  thereby  introduced,  over  4000  of  the  4500  names  in  the  BNA  conesponding  almost  exactly 
to  older  terms  already  in  use  by  the  English-speaking  nations.  Certam  minor  defects  in  the 
system  have  been  cnticised;  but  these  are  outweighed  by  the  advantages  of  this  uniform 
system. 

Abbreviationa. — Certain  frequently  used  words  in  the  BNA  are  abbreviated  as  follows: 
a.,  arleria  (plural,  aa.,  arterife);  b.,  bursa;  g.,  ganglion;  gl,,  glandula;  lig.,  ligamentum  (plural, 
lig^.,  ligamenta);  m.,  musculus  (plural,  mm,,  musculi);  n.,  nervua  (plural,  nn.,  nervi);  oaa., 
ossiB  (or  ossium);  proc,  processus;  r.,  ramus  (plural,  rr.,  rami);  v.,  vena  (plural,  w.,  verne). 

Terms  of  position  and  direction. — The  exact  meaning  of  certain  fundamental 
terms  used  in  anatomical  description  must  be  clearly  understood  and  kept  in 
mind.  In  defining  these  terms,  it  is  supposed  that  the  human  body  is  in  an 
upright  position,  with  arms  at  the  sides  and  palms  to  the  front. 

The  three  ftmdamental  planes  of  the  body  are  the  sagittaJ,  the  transverse  and 
the  frontal.  The  vertical  plane  through  the  longitudinal  axis  of  the  trunk, 
dividing  the  body  into  right  and  left  halves,  is  the  median  or  mid-aagiUal  plane; 
and  any  plane  parallel  to  this  is  a  sagittal  plane.  Any  vertical  plane  at  right 
angles  to  a  sagittal  plane,  and  dividing  the  body  into  front  and  rear  portions  is  a 
frontal  (or  coronal)  plane.  A  plane  across  the  body  at  right  angles  to  sagittal  and 
coronal  planes  is  a  transverse  or  horizoTital  plane. 

Terms  pertaining  to  the  front  of  the  body  are  anterior  or  ventral;  to  the  rear, 
posterior  or  dorsal;  upper  is  designated  as  superior  or  cranial;  and  lower  aa  inferior 
or  caudal. 

The  term  medial  means  nearer  the  mid-sagittal  plane,  and  lateral,  further  from 
that  plane.  These  terms  should  be  carefully  distinguished  from  internal  (inner) 
and  external  (outer),  which  were  formerly  synonymous  with  them.  Internal,  as 
now  used  (BNA),  means  deeper,  i.  e.,  nearer  the  central  axis  of  the  body  or  part; 
while  external  refers  to  structures  more  superficial  in  position.  Proximal,  in 
describing  a  limb,  refers  to  position  nearer  the  trunk;  while  distal  refers  to  a  more 
peripheral  position. 

Adverbial  forms  are  also  employed,  e.  ^.,  anteriorly  o 

. .  .'ly  or  dorsally  (backward,  br' '^ ' ' ■'-' 

oaudally  (downward,  below). 

It  Btiould  also  be  not«d  that  the  terms  ventral,  dorsal,  cranial  and  caudal  are  independent  of 
the  body  posture,  and  therefore  apply  equally  well  to  corresponding  surfaces  of  vertebrates  in 
general  with  horizontal  body  axis.  On  this  account. these  terms  are  preferable,  and  will  doubt- 
less ultimately  supplant  the  terms  aaterior,  posterior,  superior  and  inferior. 

The  discrimination  in  the  use  of  several  similar  terms  of  the  BNA  should  also  receive  atten- 
tion. Thus  medianus  (median)  refers  to  the  median  plane.  MedialU  (medial)  means  nearer 
tbe  median  plane  and  is  opposed  to  lateral,  as  above  stated.  Mediua  (middle)  is  used  to  desjg- 
nate  a  position  between  anterior  and  posterior,  or  between  internal  and  external.  Between 
medialis  and  lateralis,  however,  the  term  inlermedius  is  used.  Finally,  traTisverealU  means  trans- 
verse  to  the  body  axis;  IrarittieTsut,  transverse  to  an  organ  or  part;  and  (ransfer«ariu«,  pertaining 
to  some  other  structure  which  is  traoBverse, 

Parts  of  the  body. — The  primary  divimons  of  the  human  body  (fig.  1)  are  the 
head,  neck,  trunk  and  extremities.  The  head  [caput]  includes  cranium  and  face 
[facies].  The  neck  [collum]  connects  head  and  trunk.  The  trunk  [truncus] 
includes  thorax,  abdmnen,  and  pelvis.  The  upper  extremity  [extremitas  superior] 
includes  arm  [brachium],  f<rrearm  [antibracbium],    and   hand   [manusj.    Tbe 
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lower  extremi^  [extremitas  inferior]  includes  thigh  [femur],  leg  [crus],  aud  foot 
[pee]. 

Each  of  the  parts  mentioned  tias  further  subdivisions,  as  indicated  in  Gg.  1. 
The  cranium  indudes:  crown  [vertex];  back  of  the  head  [ocdpnt];  frontal  region 
[sinciput],  including /oreAead  [frons];  templea  [tempora];  ears  [aiu'es],  including 
auriaea  [auriculs]. 


B,  Anterior  view. 


The  face  includes  the  regions  of  the  eye  [oculus],  noae  [nasus],  and  mouth  [os], 
the  subdivisions  of  which  will  be  given  later  under  the  appropriate  sections. 

The  thorax  includes:  breast  [pectus];  mammary  glavd  [mamma);  and  Ourradc 
cavity  [cavum  thoracis].  The  bach  [dorsum]  includes  the  vertebral  column 
[columna  vertebralis].  The  abdomen  includes:  navel  [umbilicus];  flank  [latus]; 
groin  [inguen];  Unn  [lumbus];  and  the  abdominal  cavity  [cavum  abdominis].  The 
n<>ltris  inflnrfMi-      nfihiir.  mtritii  [odviim   nplvisl:  aenital  nraann   (nnrfLnn.  ■rpnit.alin.l . 
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buttocks  [nates],  separated  by  a  cleft  [crena  ani]  at  the  anus.  The  hip  [coxa] 
connects  the  pelvis  with  the  lower  extremity. 

In  the  lower  extremity,  the  thigh  is  joined  to  the  leg  by  the  knee  {genu].  The 
foot  includes:  heel  [calx];  sole  fplanta];  instep  [tarsus];  metatarsus;  and  five  toes 
[digit!  I-V],  including  the  qreat  toe  [hallux]  and  little  toe  [digitus  minimus). 

The  upper  extremity  is  joined  to  the  thorax  by  the  shoidder.  The  arm  is 
joined  to  the  forearm  at  the  elbow  [cubitus].     The  hand  includes:     wrist  [carpus]; 

Fio,  2. — Sbction  of  tbb  Epidebuih  or  a  Finoer,  prou  a  Huuan  Eubrto  of  10.2  cii. 


metacarpus,  with  palm  [vols  or  palma]  and  back  [dorsum  manus].  The  five 
fingers  [digiti  I-V]  include:  thumb  [pollex],  index  finger  [index];  middle  finger 
[digitus  medius];  ring  finger  [digitus  annularis]  and  little  finger  [digitus  mimmus]. 

Organ-systems. — Each  of  the  various  parts  of  the  body  above  outlined  is 
comp(^ed  of  various  organs,  and  the  groups  of  related  organs  make  up  organ- 
systems. 

The  various  organ-systems  are  treated  as  special  branches  of  descriptive 
anatomy.     The  study  of  the  bones  is  called  osteology;  of  the  ligaments  and  joints, 

Fia.  3. — DiAORAM  OF  A  Typical  Cell.    (Scymonowici.} 


syndesmology  for  arthrology) ;  of  the  vessels,  angiology;  of  the  muscles,  myology;  of 
the  Jiervous  system,  neurology;  and  of  the  viscera,  splanchnology.  Further  subdivi- 
sions are  also  made.  The  viscera,  for  example,  include  the  digestive  tract, 
respiratory  tract,  urogenital  tract,  etc. 

Tissues  and  cells.^ — The  body,  as  above  stated,  has  various  parts,  each  of  which  may  bo 
subdivided  into  its  component  systems  and  organs,  A  further  analyBls  reveals  a  continued 
aeries  of  Htructural  units  of  gradually  decreasing  compleTity.  Thus  each  organ  is  found  to  eon- 
s^tof  a  number  of  luisues  (epithelial,  connective,  muscular  or  nervous).  Finally,  each  tissue  is 
composed  of  a  group  of  similar  units  called  celli  (figs.  2,  3)  which  are  the  ultimate  structural  unita 
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of  the  body.  The  body  may  therefore  be  regtkrded  oa  compoaed  of  myriads  of  cell  units,  organ- 
ised into  units  of  gradually  increasing  comi>lexity,  very  much  as  a  social  community  \b  composed 
(rf  individuals  organized  into  trades,  municipalities,  etc. 

Most  of  the  mdividual  tissues  can  be  recognized  by  their  rtoss  appearance.  In  fact,  the 
principal  tissues  were  first  demonstrated  by  Bicbat  through  skilful  dissection,  maceration,  etc.. 
and  without  the  aid  of  the  microscope.  The  cellular  structure  of  the  tissues  was  later  discovered 
by  Schwann  in  1839. 

Each  cell  (€g,  3)  is  composed  of  a  material  called  ■proloplamt,  a  viscid  substance  variable  in 
appearance  and  exceedingly  complex  in  chemical  composition.     It  readily  breaks  down  into  sim- 

Eter  chemical  compounds,  whereby  energy  (chiefly  in  the  form  of  heat  and  mechanical  energy)  IB 
berated.  It  has  also  the  power  of  absorbing  nutritive  material  to  build  up  and  replace  what 
was  lost.  Its  decomposition  results  from  stimuli  of  various  kinds,  and  hence  it  is  said  to  be 
irritable.  The  mechanical  energy  which  it  liberates  is  manifested  by  its  contractihty,  especially 
in  the  muscle  cells.  It  excretee  the  waste  products  produced  by  its  decomposition.  Each  cell 
has  the  power,  under  favourable  conditions,  of  reproducing  itself  by  division.  Protoplasm  pre- 
sents, in  short,  all  the  forms  of  activity  manifested  by  the  body  as  a  whole;  and,  indeed,  the  ao- 
Uvities  of  the  Dody  are  the  sum  of  the  activities  of  its  constituent  cells. 

lotbeprotoplssmof  each  cell  is  a  specially  difTe re ntiated  portion,  the  nucleus  (fig,  3).  The 
nucleus  plays  an  important  part  in  regulating  the  activities  of  the  cyio-plasm,  the  general  proto- 
plasm of  the  cell  body.     The  nucleus  differs  from  the  cytoplasm  both  etructurally  and  chem- 

gated  into  a  definite  n 

cells  also  contains  the ........  . .       ,  ,  .  

division.  Further  details  concerning  the  cells  and  tissues  may  be  found  in  the  text'4>ookB  of 
cytology  and  histology. 

In  earher  days  Human  Anatomy  was  almost  entirely  a  descriptive  science,  but  little  atten- 
tion bein^  paid  to  the  significance  of  structure,  except  in  so  far  as  it  could  be  correlated  with 
Ehysiological  phenomena  as  tbey  were  at  the  time  understood^  In  recent  years  attention  has 
Ben  largely  paid  to  the  inorphology  of  the  human  body  and  much  valuable  information  as  to 
the  meaning  of  the  structure  and  relations  of  the  various  organs  has  resulted.  Since  the  form 
and  structure  of  the  body  are  the  final  result  of  a  series  of  complicated  developmental  changes, 
the  science  of  Embryology  has  greatly  contributed  to  our  present  knowledge  of  human  Mor- 
phology;  and,  accordingly,  abriefsketchof  some  of  the  more  important  phases  of  morphogenesis 
will  form  a  fitting  introduction  to  the  study  of  the  adult. 

R^erences. — General:  For  lookii^  up  the  literature  upon  any  anatomical 
topic,  the  best  guide  is  the  "Jahresbericht  ueber  die  Fortschritte  der  Anatomie 
und  Entwicklungsgeschichte,"  which  contains  claasi&ed  titles  and  brief-  abstracts 
of  the  more  important  papers  in  gross  anatomy,  histology  and  embryology. 
Other  useful  aids  are  the  "Zentralblatt  fuer  normals  Anatomie,"  the  "Index 
Medicus"  and  the  catalogue  of  the  Surgeon  Genera  *s  Library  of  the  War  Dep't. 
(Washington,  D.  C).  The  latter  two  contain  titles  only,  but  cover  the  whole 
field  of  medicine.  The  "Concilium  Bibliographicum"  also  provides  a  conveni- 
ent card-index  system  of  references  for  the  biol<^ical  sciences,  including 
Anatomy. 

For  nomendoiuTe:  His,  Archiv  f.  Anat.,  1895  (BNA  system);  Barker,  Ana- 
tomical Nomenclature.  Cdls  and  tissues:  Wilson,  The  Cell;  Hertwig,  Zelle  und 
Gewebe  (also  English  transl.) ;  Schaefer,  Microscopic  Anatomy  (in  Quain'e 
Anatomy,  11th  ed.);  Heidenhain,  Plasma  und  Zelle. 
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MORPHOGENESIS 

Rbvised  fob  the  Fifth  Edition 
Bt  C.  M.  JACKSON,  M.S.,  M.D. 


CHANGE  is  a  fundamental  characteristic  of  all  living  things.  The  huroan 
body  during  its  life  cycle  accordingly  passes  through  various  phases  of  form 
and  structure.  In  the  earliest  embryonic  phases  of  development  the 
changes  are  very  rapid,  decreasing  in  rapidity  during  the  later  fcetal  stages,  but 
continuing  at  a  diminishing  rate  throughout  infancy,  childhood  and  youth  up  to 
the  adult.  Following  the  acme  of  matiuity,  changes  continue  which  lead 
gradually  to  senescence  and  final  death  of  the  body. 

IThisT'cycle  of  change  ia  the  body  depends  upon  aimiUr  chanKce  in  its  various  component 
organs,  each  having;  its  own  characteristic  life  cycle.  In  a  few  of  the  organs  this  cycle  is  very 
short,  as  in  some  of  the  o^ans  of  the  embryo  ^e.  f.,  mesonephros).    Other  organs  peTsist  only 


e  body  is  due  to  the  breakdown  of  aome  of  the 

characteristic  life  eye 

ultimately  upon  similar  changes  in  their  constituent  tissues  and  cells.  ,     .    _ __.    ._ 

life  cycle,  an  early  period  characterised  by  rapid  and  vigourous  changes,  later  periods  of  differen- 
tiatioa  and  maturity,  followed  by  stages  of  aegeneration  and  death.  This  cycle  of  cell  changes 
has-been  designated  by  Minot  as  cyionwrphons. 

IGrowth. — Associated  with  the  process  of  cell  differentiation  (cytomorphosis),  and  even 
more  important  aa  a  factor  in  the  morphogenesis  of  the  body,  is  the  process  of  ifrcnetk.  The 
developmental  changes  in  form  and  structure  of  the  body  are  due  largely  to  the  unequal  growth 
of  its  various  parts.  Growth,  like  other  chanses  in  the  oody  and  its  parts,  depends  ultimately 
upon  the  characteristics  of  the  constituent  ceUs. 

Fig.  4. — The  Ovuu  op  a  New-born  Chiu),  with  Follicle  Cells.     (After  Mertens.) 


The  celllchangesjduring'growth  may  be  grouped  under  two  heads.  The  first,  or  growth 
proper,  involves  merely  the  enlargement  (hypertropny)  of  the  individual  cells  and  intercellular 
products.  The  second  includes  the  nvttiplkalion  (hyperplasia)  of  the  cells,  which  is  accom- 
plished by  mitotic  division.  Cell  division  is  necessary  in  cell  growth,  for  otherwise  tlie  cell 
would  soon  reach  a  siie  where  its  surface  (for  nutritive,  respiratory  and  excietory  purposes) 
would  be  inadequate  for  its  mass.  In  general,  however,  cell  division  is  most  active  in  the  earlier 
embryonic  periods,  during  which  the  cells  remain  small.  Later,  cell  division  diminishes  or 
ceases,  and  ^wth  is  due  chiefly  to  enlargement  of  the  cells  already  present.  It  is  also  during 
the  later  period,  when  the  cells  have  ceased  rapid  division,  that  the  process  of  cell  differentiation 
and  tissue  formation  is  most  marked. 

The  principle  of  the  ratio  of  surfaee  to  mtuM  often  applies  to  the  growing  oi^ans  aa  well  aa  to 
the  individual  cells.  To  maintain  the  necessary  ratio,  the  surface  area  is  mcreased  by  the  for- 
mation, through  looalised  unequal  growth,  of  prmectiont  (e,  g.,  viUi  or  folds)  or  irwoffinatvms 
(e.  g.,  glands)  from  surfaces.     Innumerable  modifications  of  this  principle  occur  throu^out  the 
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Fia.  6. — OruK  fbou  Ovart  or  a  Wouan  Thiiitt  Ybabb  or  Aoe.  er,  corona  radiata. 
n,  nucleus,  y^olk.  p,  dear  protoplasmic  sone,  pi,  periTitelline  space,  tp,  lona  pelludda. 
(McMurrich's  Embryology,  from  Nagel.) 
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SEGMENTATION  OF  THE  OVUM  9 

While  the  present  work  deals  prtmarily  with  the  adult  human  organism  in  the 
stageof  maturity,  reference  is  made  also  to  its  chaises  according  to  age.  Although 
these  changes  for  the  various  systems  of  organs  are  described  under  the  ap- 
propriate sections,  it  is  desirable  to  consider  first  some  of  the  more  fundamental 
features  pertaining  to  the  body  as  a  whole.  This  applies  particularly  to  the 
earlier  embryonic  period,  which  includes  the  more  genera!  phases  of  morpho- 
genesis. No  attempt  will  be  made  to  describe  fully  the  process  of  development, 
the  details  of  which  are  to  be  found  in  text-books  of  embryology. 

Segmentatioa  of  the  ovum. — The  human  body,  like  all  living  organisms,  arbes 
from  a  single  cell,  the  egg-cell  or  oDum.  An  early  stage  in  the  development  of  the 
ovum  is  shown  in  fig.  4,  and  a  later  stage,  approaching  maturity,  in  fig.  5.  The 
matiu-e  human  ovum  is  about  0.2  mm.  in  diameter.  In  the  uterine  CFallopian) 
tube,  the  fertilised  ovum  undergoes  segmentation,  the  various  stages  of  which  are 
represented  in  figs.  6  and  7. 


Fia.  7. — DiAORAM  or  Section 
THBODOH  A  Mamhauan  Ovdu  at  the 
Morula  Staqe. 


Fia.  8. — DiAQRAu  OF  Section  or 
A  Mamuauan  Ovuu  SBowiMa  the 
Innbb  Cell  Mass. 


While  the  proceasea  of  maturation,  fertilisation  and  segmentation  have  not  aa  vet  been  ob> 
served  in  the  human  ovum,  the  evidence  of  comparative  anatomy  makes  it  very  prooable  that  in 
all  eBsential  reapecto  these  proceseea  are  like  those  found  in  other  mammals.  Aa  a  result  of  the 
successive  divisions  of  the  ovum  in  segmentation,  a  spherical  mass  of  cells,  the  moraia  (fig.  7)  is 
formed.  In  this  mass,  an  excentric  cavity  forms  (fig.  8)  whereby  the  maea  is  transTonned  into  a 
hollow  vesicle.  The  wall  of  this  vesicle  is  probably  formed  throughout  the  ^iieater  part  of  its 
extent  by  a  single  layer  of  cejla;  but  at  one  point  of  the  circumference  there  is  a  group  of  ceUs 
termed  the  inner  cell  mat»  (fig.  8).  Probably  about  this  time  the  ovum  enters  the  uterine  cavity, 
and  through  the  activity  of  the  outer  layer  of  cells  (tTophoblast)  becomes  embedded  in  the  uterine 
muooea. 

Formation  of  the  embryonic  disc  and  genu  layers. — In  the  earliest  human 
embryos  which  have  been  described,  development  has  already  proceeded  beyond 

FiQ.  9. — Diaorau  Showing  the  Relations  of  the  Gbhu  Layers  in  an  Earlt  Embryo. 
Ac,  amniotic  cavity,  lined  b_y  ectoderm.  D,  yolk-sac,  lined  by  endoderm  (En).  Me,Mt', 
roesoderm,  C,  extra-embryonic  ciflom.    B,  chorion.     T,  trophoblast.     (McMurrich.) 


l-anzedbvGoOt^Ic 

the  stage  represented  by  fig.  8,  and  has  reached  that  of  fig.  9.    Within  the  imier 
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cavity;  the  deeper  (D)  is  the  cavity  of  the  yolk-aae;  while  between  them  is  a 
plate  of  cellB  forming  the  ertAryonic  diae.  The  embryonic  disc  (Sgs.  9  and  10) 
contains  three  layers  of  cells, — the  fundamental  germ  layers, — ectoderm  (Ec), 
endoderm  (En),  and  mesoderm. 

The  germ  layen  of  tbe  embryonic  disc  are  of  prime  importance  in  the  development  of  the 
body,  ^om  the  ectoderm,  which  lies  next  to  the  amniotic  cavity  and  represents  the  upper 
(later  outer)  germ  layer,  are  derived  the  epidermis  and  the  entire  nervous  system.  From  the 
«ndoderm.  which  Ues  next  to  the  yolk-sac,  and  represents  the  lower  (later  inner)  germ  lay«r,  ia 
derived  the  epithelial  lining  of  the  digestive  mucosa  and  ite  derivatives.  From  tbe  metoderm,  or 
middle  germ  layer,  is  differentiated  the  remainder  of  the  body,  including  the  skeletal  and  sup- 
porting tiaaues,  vascular  system,  muscle  and  most  of  the  urogenital  organs. 

The  germ  layera  also  extend  beyond  the  embryonic  disc,  as  shown  in  fi@- 9  and  10.  The 
yott-soc  is  made  up  of  a  lining  of  endoderm  and  an  outer  layer  of  mesoderm.     The  amnion,  which 
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Chorion  Ectodma  Xadodaim  Tolk-MC 

later  becomes  separated  from  the  chorion,  is  composed  of  mesoderm  lined  by  endoderm.  The 
outer  cell  layers  form  the  chorum,  which  likewise  shows  two  layers,  the  outermost  of  whidi 
(trophoblast)  is  ectoderm,  tbe  inner,  mesoderm.  In  fig.  10  the  chorion  is  beginning  to  send  out 
root-like  projections  (villi)  which  invade  the  uterine  mucosa. 

It  is  thus  noteworthy  that  of  the  cellB'jderived  from  the  ovum  relatively  only  a  ft 
the  embryonic  disc — enter  directly  into  the  formation  of  the  body.  Theyolk-eae,an 
organ  of  phvlogenetic  significance,  is  later  chtefiy  absorbed,  aHbough  tJw  proximal  portion  may 
enter  slightly  into  the  formation  of  the  intestinal  wall.  The  amnion  is  a  protective  membrane, 
while  the  chorion  forms  the  foetal  part  of  the  placenta. 

Development  of  the  embiyonic  disc. — When  first  formed,  the  surface  of  the 
embryonic  disc  shows  no  trace  of  differentiation.  A  slightly  later  but  still 
comparatively  early  stage  in  its  development  is  shown  in  fig.  11.    It  is  here 

FiQ.  11. — Model  Showing  the  Embryonic  Disc  fsom  an  Ehbrto  1.17  uu.  IK  Ijcnoth. 
Viewed  from  above  and  laterallv,  the  roof  of  the  amniotic  cavity  having  been  removed,  n, 
primitive  pit  (neurenteric  canal),  pg,  primitive  groove,  nm,  neural  groove,  b,  body-etalk. 
(McMurrich.  from  Frassi.) 


viewed  from  above,  the  amnion  having  been  removed.  The  disc  is  an  elliptical 
plate,  whose  long  axis  represents  the  mid-line  of  the  embryo.  Near  the  center 
IS  a  small  rounded  depression,  the  primitive  pit.  Extending  backward  (toward  the 
tail  end  of  the  embryo)  from  this  is  a  dark  line,  the  primitive  streak,  corresponding 
to  a  groove,  the  primitive  groove.  Extending  forward  from  the  primitive  pit  is  an 
indistinct  wide  shallow  groove,  the  neural  groove. 
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fused  lips  of  »  primitive  blastopore.  The^  rapreseat  &  centre  of  prolifention  from  which  the 
mesodenn  is  budded  off  from  the  ectodenn  and  spreads  out  to  form  the  middle  germ  layer  of  the 
embryonic  disc. 

At  the  anterior  end  of  the  primitive  streak  this  proliferation  extends  forward  as  a  plate  of 
cells,  the  B0-«alled  'head  procett.'  The  axial  portion  of  this  process  is  the  anlage  of  the  nolo- 
ekord,  the  embrvonio  skeletal  axis.  It  contains  a  canal,  which  opens  into  the  primitive  pit. 
The  notochordaJ  anlage  soon  fuses  with  the  underlying  endoderm,  and  its  canal  forms  the 
transient  neurenteriti  canal. 

In  the  mid-line  anterior  to  the  primitive  streak  there  appears  the  shallow  neitral  groooe 
{&%.  11),  corresponding  to  a  thickened  plate  of  ectodermio  ceDs,  the  -neurol  plate.  The  neural 
groove  is  slichtly  forked  at  its  posterior  extremity,  in  the  region  of  the  pHmitim  node  (Hensen's 
node),  which  forms  the  dorsal  lip  of  the  primitive  pit.  As  development  proceeds,  the  neural 
plate  extends  posteriorly,  and  the  primitive  pit  is  accordingly  shifted  backward,  the  correspond- 
ing part  of  the  primitive  groove  being  converted  into  'headprooese.'  The  primitive  sb'eak  thus 
becomes  progressiTely  shortened  (cf.  figs.  11  and  13). 

Fia.  12.— Tof  OOBAPHT  op  tkb  Ekbktonic  Disc.  Diaobah  of  Rblations  at  tbb  Lxnoth 
OF  ABOUT  1  Hu.  ag,  neural  groove,  pn,  primitive  node,  pp,  primitive  pit.  U,  upper  limb. 
h,  lower  Umb. 


Tc^gntphy  o(  the  embryonic  disc. — Although  only  slight  signs  of  dlffereatia- 
fjon  are  visible  in  the  embryonic  disc  at  the  stage  shown  in  fig.  11,  it  is  already 
possible  to  map  out  more  or  less  definite  areas  corresponding  to  all  the  various 
regions  of  the  future  body,  as  shown  in  fig.  12. 

Beginning  anteriorlj',  the  head  region  is  relatively  enormous  in  sise.  occupying  at  this 
time  the  entire  portion  m  front  of  the  primitive  pit  and  forming  about  half  of  the  entire  diso.y^ 
The  cervical,  thoracic,  lumbar  and  sacro-coccygeal  regions  appear  successively  smaller,  ap- 
proaching the  posterior  end  ('tail  bud')  of  the  primitive  streak.  It  is  also  a  striking  fact 
that  the  future  dorsal  refpon  of  the  body  wall,  correspoodiag  to  the  central  portion  of  the  disc, 
along  each  side  of  the  mid-line,  is  now  larger  than  the  ventro-lateral  regions,  which  occupy  a 
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The  topography  o(  the  germinal  areas  in  the  embryoaic  disc  shown  in  fig.  12  is  bawd  partly 
upon  a  study  of  the  sucoeeding  stages  of  development,  and  partly  upon  the  results  of  ezpen- 
ments  upon  the  germinal  disc  in  lower  forms,  especially  in  the  chick  (Assheton,  Peebles,  Kopsch). 

Law  of  developmental  direction. — In  the  relative  size  of  the  various  embryonic 
are&a  Ib  foreshadowed  what  may  be  termed  the  law  of  direction  in  development. 
In  general  it  is  found  that  development  ^ncludii^  growth  and  differentiation)  in 
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the  long  axis  of  the  body  appears  first  in  the  head  region  and  progresses  toward 
the  tail  region.  Similarly  in  the  transverse  plane  development  begins  in  the 
mid-doraaJ  region  and  progresses  latero-ventrally  (in  the  limbs,  proximo-distally). 
These  princiiues  are  of  great  importance  in  morphogenesis. 

Fia.  14. — DiAORAHs  Showing  the  CoNaTBicnoN  or  the  Embhyo  ntou  tbb  Yolk-sac. 
A  and  C,  longitudinal  sections;  B  and  D,  corresponding  cross-He ctioos.     (McMurrioh.) 


The  law  of  developmental  direction  is  also  probably  of  phylogenetic  significance.  Thtt 
eranio-caudai  direction  of  development  is  in  accordance  with  the  theory  that  the  bead  is  the  most 
primitive  portion  of  the  body,  and  hence  precocious  in  development.  The  trunk  is  periiaps  a 
secondary  acquisition,  hence  arisiiig  as  an  exlension  of  the  primitive  head  region. 
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The  dorso-Mnfroi  directiOD  of  development,  together  with  the  pl&te-like  form  of  the  embry- 
onic disc,  hu  a  different  phylogenetic  significance.  Both  are  probably  inherited  from  an  ances- 
tral type  with  a  yolk-laden  ovum.  In  such  an  ovum,  with  the  merobltuitic  type  of  segmentation, 
the  flattened  embryonic  disc  gradually  spreads  from  the  dorsal  surface  in  a  ventral  direction 
around  the  underlying  yolk-mass. 

Derivation  of  body  tube  from  einbi7omc  disc. — ^The  primary  result  of  the 
precocious  growth  in  the  dorsal  region  of  the  embryooic  disc  is  the  conversion  of 
the  disc  into  the  body  tube,  curved  veatrally  in  its  long  axis  (fig.  14). 

Fio.  IS. — Portion  of  Cbobs  Sxction  of  the  Eubrto  shown  in  Fio.  13.  ck,  notochord.  ' 
d,  somatic  mesoderm,  4f,  splanchnic  mesoderm,  g,  junction  of  extra-embryonic  somatic  uid 
Bplsnohnia  mesoderm,  ek,  ectoderm,  en,  endoderm.  »>«.  embiyonic  mesoderm.  /,  neural 
groove,  p,  beginning  of  embryonic  ccelom  (pericardial  cavity),     (ftfinot,  after  Graf  Spee.) 


As  a  r«ault  of  the  more  rapid  expansion  of  the  germ  layers  (especially  the  ectoderm)  near 
the  mid-line,  the  dorsal  surface  of  the  embryonic  disc  in  general  becomes  convex,  with  a  depres- 
sion laterally  (where  growth  is  less  rapid)  forming  a  groove  at  the  line  of  attachment  of  the  am- 
nion (figs.  11, 12,  13, 14  B).  The  unequal  growth  in  the  germ  layers  ia  clearly  evident  in  the  cross 
section  shown  in  fig.  15.  By  a  continuation  of  this  process,  the  margins  of  the  embryonic  disc 
become  still  further  depressed  and  finally  folded  in  ventrally  so  aa  to  transform  the  disc  into  a 
tube  (fig.  14  D).  Similarly,  by  a  more  rapid  eicpansion  of  the  dorsal  layer  of  the  disc  in  the  lon- 
gitudinal axis,  the  head  and  tail  ends  of  the  disc  are  folded  and  tucked  in  ventrally,  and  the 
primitive  body  tube  is  thus  correspondingly  curved  in  its  long  axis  (figs.  14  A,  14  C). 

Fia.  16.- — Model  of  Human  Ewbhto  1.8  uu.  Lono.  Viewed  from  above,  the  roof  of  the 
amniotic  cavity  having  veen  removed.  Near  the  caudal  end  of  the  neural  groove,  the  primitive 
pit  (opening  oi  neurenterio  canal)  is  visible.  The  primitive  somites  are  appearing  in  the  occin- 
ital  region,  the  fourth  corresponding  to  the  boundary  between  head  and  neck.  (McMurricn, 
from  Keibel  and  Elie.) 


The  embryonic  disc  ia  thus  converted  into  a  tube  composed  of  an  outer  layer  of  ectoderm, 
a  middle  layer  of  mesoderm  and  an  inner  layer  of  endoderm.  The  yolk-sac  now  presents  an 
expanded  yolk-tietide  heed  by  endoderm  which  is  still  continuous  through  the  constricted  yolk- 
alalic  with  the  endoderm  lining  the  primitive  enteric  cavity  (fig.  14  C).  The  enteric  cavity  (or 
arohenteron)  has  a  blind  tubular  prolongation  (fore  gut)  into  the  head  region,  and  another  (hind 

Kt)  into  the  tail  region.     Prom  the  latter  a  slender  diverticulum,  the  allantois,  extends  into  the 
dy  stalk  (later  the  umbilical  cord).     The  allantois  is  an  organ  of  phylogenetic  importance, 
with  which  the  urinary  bladder  is  later  connected. 

Formation  of  the  neural  tube. — The  principle  of  unequal  growth  applies  to  the 
formation  not  only  of  the  body  as  a  whole,  but  also  of  its  constituent  parts. 
Thus  the  aniage  of  the  nervous  system  arises  from  the  ectoderm  as  a  wide  groove 
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whose  edgea  (neural  ridges)  by  local  growth  are  folded  upward  so  as  to  meet  in 
the  mid-line  where  they  fuse,  thus  transforming  the  groove  into  the  neural  tube 
(figs.  11,  12,  13,  15,  16,  17,  18). 

Tke  olomire  beeiaB,  not  at  the  anterior  ead  (as  might  be  expected  fram  the  general  law  of 

crania-caudal  development),  but  in  the  cervical  region,  extending  forward  into  the  brain  region, 
and  backward  along  the  epinal  cord.  Thus  the  extreme  ends  (anterior  and  poaterior  neuroporea) 
are  the  last  to  close. 

The  precocious  and  energetia  growth  of  the  neural  anlage  is  largely  responsible  for  the  ven- 
tral flexure  of  the  embryonic  body  axis,  especially  in  the  head  region,  where  the  flexures  of  the 
brain  are  very  conspicuous  (figs.  22,  26). 

With  the  closure  of  the  neural  tube  dorsally  and  of  the  alimentary  canal  ventrally  the  human 
embryo  assumes  the  typical  vertebrate  form.  The  cylindrical  body  wall  now  encloses  two  tubes 
(neural  and  enteric)  with  the  longitudinal  axis  (notochord)  between  them  (figs.  18,  24). 

After  the  embryonic  disc  has  been  transformed  into  a  tube,  the  body  of  the  human  embiyo 
in  croaa  section  appears  not  circular  but  elongated  dorso- ventrally.  This  is  the  typical  form  for 
vertebrates  with  norizoctal  body  axis.  In  later  festal  stages,  the  ood]^  beoomes  mora  rounded  in  - 
cross  section,  and  finaUy,  with  the  assumption  of  the  erect  posture  in  postnatal  life,  becomes 
decidedly  flatt«i)ed  dorso-ventrally  (figs.  20,  21). 

Fio.  17. — A  Human  Eubkto  2.5  wu.  ik  Lenoth.     (After  Kallmann.) 


Development  <A  the  mesoderm. — The  mesodermic  layer  on  each  side  of  the 
notochord  in  the  embryonic  disc  develops  in  two  divisions.  The  medial  (or 
dorsal)  divisions  form*'a  series  of  hollow  segments,  the  somites  (figs.  16,  17,  18). 
The  lateral  (later  ventral)  divisions  each  split  into  an  upper  (outer)  or  somatic  layer 
and  a  lower  (inner)  or  visceral  layer.  When  the  embryonic  disc  becomes  folded, 
the  correspondii^  somatic  and  visceral  layers  unite  ventrally  and  enclose  between 
them  the  common  caslom  or  primitive  body  cavity  (fig.  18). 

TAs  previously  noted,  the  mesoderm  arises  chiefly  from  the  lateral  ^rtions  of  the  tiead 
procesa.     A  comparatively  early  stage  before  the  appearance  of  the  somites  is  shown  in  c 


section  in  fig.  15.  The  somites  appear  first  in  the  occipital  region,  and  rapidly  differentiate 
successively  m  the  cranio-caudal  du^ction  (figs.  16,  17,  22).  In  embryos  7  or  8  mm.  in  length. 
about  40  Bomitesmay  be  distinguished,  3  to  5  occipital,  8  cervical,  12  thoracic,  6  lumbar,  SsaonJ 
and  6  or  6  coccygeal  (in  the  rudimentary  tail  region). 

The  calom  or  body  cavity  is  unaegmented.     Two  primitive  pericardial  cavities  appear  sepa- 
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rftte  »t  Bnt,  but  aoon  fuse  aod  unite  with  the  general  cc^m.    Later  the  general  ccelom  beoomeB 
secondarily  divided  into  the  permanent  pericardial,  pleural  and  peritoneal  cavities. 

The  outer  layer  of  the  lateral  mesodermic  division  forma  the  somatic  or  parietal  layer  of  the 
peritoneum,  eto.  The  inner  layer  forms  the  visceral  or  sidanchoic  layer,  and  develops  not  only 
the  serous  membrane,  but  also  the  muscular  and  connective  tissue  of  the  walls  of  the  alimeataiy 
canal  and  ite  derivatives. 

I>eTelopiiieat  of  the  somites.  Metamerism. — The  appearance  of  the  somitea 
marks  the  beginnii^  of  metamerism,  the  arrangement  of  the  body  in  Bucceseive 

Fio.  18. — DiAQRAM  OF  A  CnoBS  Section  of  a  Houan  Embrto. 


segments  or  metameres.  Each  somite  develops  a  primitive  muscle  s^ment, 
myotoTne,  and  a  skeletal  s^ment,  sclerotome  (figs.  18,  19).  Moreover,  the  cor- 
responding nerves  and  blo^-vessels  likewise  assume  a  metameric  arrangement. 
This  metamerism  persists  (more  or  less  modified)  in  the  adult  neck  and  trunk. 


Fia.  19. — DiAORAHB  Illubtratinq  the  Histort  of  the  MEBonEBU.  M,  myotome,  dM. 
dorsal  portion  of  myotome^  vM,  ventral  portion  of  myotome.  SC,  sclerotome,  gr,  genital 
ridge.  Wd,  Wolffian  duct.  5m,  somatic  layer  of  mesoderm.  Bm,  visceral  layer  of  mesodenn. 
tnr,  membrana  reuniens.     I,  intestine.     N,  neural  tube,     (McMurrich.) 
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Q  part)  the  head  is  derived.  The  dorsal  portions  of  the  myotomes  develop  the  musela  in  the 
dorsal  region  of  the  trunk,  while  the  ventral  portions  eirtend  ventralward  to  form  the  muscula- 
ture of  the  latero-ventral  body  walls  (figs.  19,  20,  21,  23). 

At  the  junction  of  the  dorsal  and  ventral  divisions  of  the  mesoblast  is  a  group  of  cells  called 
the  it\Xermsdialt  cell  mail.    This  mass  becomes  segmented  (corresDondine  to  the  somites)  and 
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tissue,  et«. 

As  development  proceeds,  the  metamerism  of  the  muscles  sud  arteries  becomes  more  or  lese 
ftbscured,  but  that  of  the  vertebrfe  and  nerves  is  fully  retained  even  in  the  adult.     In  the  case  of 

the  muscle  plates,  from  which  all  the  voluntary  musculature  of  the  trunk  is  derived,  great  modi- 
fications occur.  Extensive  fusion  of  successive  plates  occurs,  the  intervening  connective  tissue 
disappearing  more  or  less  completely;  associated  with  this  fusion  there  Is  longitudinal  and  tan- 
gential splitting  of  the  somites  to  form  uidividuBlmuBcles;andportionsof  some  of  the  plates  may 
wander  far  from  their  original  position.  But  notwithstanding  these  complicated  changes,  in- 
dications of  the  primary  metameric  arrangement  of  the  muscle  plates  are  abundant,  and  even  in 
the  most  extreme  casesof  modification  the  developmental  history  of  a  muscle  can  be  determined 
by  means  of  its  nerve  supply.  For  the  fibres  derived  from  each  plate  will  usually  retain,  no 
matter  what  changes  of  independence  or  position  they  may  undergo,  the  innervation  by  their 
originally  corresponding  segmental  nerve:  so  that  the  occurence  in  the  lumbar  reboot  the  body 
of  mUBcle-Sbres  (the  diaphragm)  suppliea  by  nerve-fibree  from  a  cervical  nerve  is  evidence  that 
the  muscle-fibres  have  been  derived  from  a  cervical  mesodermic  somite  and  have  sutwequently 
migrated  to  the  position  they  finally  occupy. 

As  regards  the  arteries,  tbey  arise  primarily  from  a  longitudinal  stem,  the  aorta,  in  a  strictly 
segmented  manner,  each  metamere  having  distributed  to  it  two  pairs  of  arteries  and  a  single 
median  one  (fig.  20).  One  pair  of  arteries  supplies  the  body  wall,  and  these  retain  very  distinctly 
their  originai  metameric  arrangement;  the  other  pair  passes  to  the  paired  viscera,  such  as  the 
lungs,  kidneys,  ovaries  (or  testes),  so  many  of  the  pairs  disappearing,  however,  that  their  meta- 
meric arrangement  is  not  very  evident  in  the  adult.  The  unpaired  vessels  supply  the  digestive 
tract  and  its  unpaired  appendages,  such  as  the  liver  and  pancreas,  and  undergo  great  modifica- 
tions, those  of  the  lower  tnoracic  and  lumbar  regions  becoming  reduced  by  fusion  and  degenera- 
tion to  three  main  trunks. 

Pio.  20. — DiAORAU  or  A  Tranbverbe  Sbctton  throcoh  tbb  AnDouiNAi.  Region. 


Branchiomerism.^Throughout  the  trunk  and  neck  regions,  then,  a  funda- 
mental metameric  plan  underlies  and  determines  the  arrangement  of  many  parts. 
In  the  head  there  ia  also  evident  a  primary  arrangement  of  the  parts  in  succession; 
but  this  arrangement  appears  to  be  somewhat  different  from  that  of  the  trunk  in 
that  it  involves  the  ventral  instead  of  the  dorsal  mesoderm  and  is  associated  with 
the  occurrence  of  branchial  arches  rather  than  with  true  mesodermic  somites. 
It  is  consequently  termed  branckiomerism. 

Not  but  that  there  are  also  indications  of  metamerism  in  the  head,  the  muscles  of  the  orbit, 
and  the  majority  of  the  extrinsic  muscles  of  the  tongue,  together  with  the  nerves  supplying 
these  muscles,  being  apparently  metameric  structures,  but  the  metamerism  of  this  region  of  the 
body  is  largely  overshadowed  by  the  branchiomerism. 

If  an  embryo  of  about  the  fifth  week  of  development  (fig.  22)  be  examined,  there  will  be 
observed  on  the  surface  of  the  body  in  the  pharyngeal  region  three  or  four  linear  depressiODa, 
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and  seotioaa  will  show  that  similar  and  corresponding  grooves  abu  occur  upon  the  inner  surfaca 
of  the  pharyngeal  wall.  These  are  the  bratKhial  grooves,  and  since  they  are  four  in  number 
(with  a  rudimentary  fifth)  in  the  human  embryo,  they  mark  off  five  bratickiai  {or  vitceral)  arcliea, 
the  first  of  which  lies  between  the  oral  depression  and  the  first  branchial  Kroove,  while  the  fifth 
ia  situated  behind  the  fourth  groove.  These  branchial  arohea  are  so  named  because  they  repre- 
sent  the  arches  which  (exceptmg  the  firatl  support  the  gills  (branohife)  in  the  lower  vertebrates, 
the  ETooves  representing  the  branchial  slits,  even  although  they  do  not  become  perforated  in 
the  human  embryo. 

Each  branehiomere  consists  of  an  axial  skeletal  structure,  of  muscles  which  act  on  this  skel* 
eton,  of  a  nerve  which  supplies  the  muscles  and  the  neighbouring  integument  and  mucous  mem- 
brane, and  of  an  artery  Vhich  carries  blood  to  all  these  structures.  The  archea,  however,  do 
not  in  Che  human  embryo  retain  their  original  branchial  function,  but  undei^o  extensive  modi- 
fications, becoming  adapted  to  various  functions  and  showing  less  in  the  adult  of  their  orJgiiiBlly 
simple  arrangement  than  do  the  metamerea.  Nevertheless  no  matter  what  modifications  the 
musculature  of  any  arch  may  undergo,  it  will  retain  its  original  innervation  and,  to  a  large 
extent,  its  relations  to  the  skeletal  elements  of  its  arch;  and  even  the  arteries  in  their  distribu- 
tion show  clear  indications  of  being  arranged  in  correspondence  to  the  various  arches. 


Relations  op  the  Branchial  Arches  in  the  Adult 


FiTSfarch Mandible,  malleus  and 


Masticatory,  mylohoid  and  di- 
gastric (ant.),  tensor  tympani. 

Stybhyoid,  digastric  (post.), 
muBcfes  of  expression,  stape- 


Trigeminu 
Facialis. 


Second  arch Hyoid    (lesser    comu). 

i    styloid     process     ana 
stapes.  I    aius. 

Third  arch \  Hyoid  (greater  cornu)..  J  Pharyngeal Glosso 

I  i  I    geuB. 

Fourth  and  fifth  '  Thyreoid  cartilage Pharyngeal  and  laryngeal I  Vagus. 

arches.  |  i 


,  Branchial  grooves. — Of  the  exlerTuU  branchial  groovet,  the  first  Oying  between  mandibular 
and  hyoid  arches)  becomes  deepened  to  form  the  exlemal  auditory  meataa,  the  margins  becom- 
ing elevated  to  form  the  auricU  (fig.  26),  The  region  corresponding  to  the  secona,  third  and 
fourth  external  grooves  becomes  depressed,  forming  the  siniM  cenncalit,  which  soon  closes  up 
ftnd  disappears. 
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lined  with  endodenn.  The  first  internal  groove  becomes  transformed  into  the  avdiloiy  (Eu- 
stachian) tube,  tympanic  cavity,  etc.  The  second  internal  groove  persists  in  part  sa  the  fossa  of 
the  palaliTu  ton^.  The  third  and  fourth  graovea  are  probably  represented  in  part  by  the 
valitcida  and  recetsua  pir^ormit,  detached  portions  of  their  lining  endodenn  giving  rise  to  the 

Xu»,  parathyreoid  glands,  etc.    The  rudimentary  fifth  groove  is  ssid  to  give  rise  to  the 
tohranchitU  body,  a  atructuie  of  uncertain  significance  (fig.  27). 

Deralopment  of  the  face.^The  facial  region  is  at  first  relatively  small.  It  includes  the 
sense  organs  (eye,  ear,  nose)  and  mouth  region.  Some  of  the  more  important  developmental 
features  may  be  briefly  mentioned.  In  an  embryo  of  the  sixth  week  (ng.  28)  the  wide  mouth 
aperture  is  seen  to  be  bounded  below  (posteriorly)  by  the  lower  (nujndtfrular)  portion  of  the 

Fia.  22.- 


first  arch,  laterally  by  the  upper  (maiiUon/)  process  of  the  first  arch.     Above  it  is  bounded  by  a 

median  plate,  the  nasal  process,  which  on  eitner  side  forms  a  protuberance,  the  glaindar  process. 
Lateral  to  the  globular  process  ia  a  rounded  depression,  the  nasal  pit.  The  majdllaTv  process 
extends  forward  and  fuses  with  the  globular  process  to  form  the  upper  jaw  region  (failure  to 
unite  resulting  in  the  malformation  known  as  'hsre-Up').  The  nose  is  at  firat  broEWJ,  due  to 
the  width  of  the  nasal  process,  which  later  becomes  the  naaal  septum  (fig.  29).  The  nasal  pita 
deepen  and  later  acquire  openinga  into  the  primitive  mouth  cavity. 

The  viscera. — The  structures  so  far  considered  beloog,  for  the  most  part,  to 
the  body  wall;  it  remains  to  consider  the  general  plan  of  arrangement  of  the 
viscera.  It  has  been  pointed  out  that  the  body  may  be  regarded  as  a  cylinder 
encloaine  two  tubes,  one  of  which  t^nn^ititiitea  the  central  nervnnn  nvntem  and  the 
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other  the  digestive  tract.  The  latter  may  be  regarded  as  being  primarily  a 
straight  tube  traversing  lengthwise  the  body  cavity  enclosed  by  the  body  wall 
(figs.  18,  20).     The  layers  of  both  the  visceral  and  somatic  plates  which  im- 

Fio.  23. — Saqittai.  Suction  Showino  tbb  PkiHiTfVK  Febic&rdial  and  CtELomc  Coh- 
uuNicATiOH,  Septum  Tranbyebsitu,  Livek,  etc.,  in  a  Human  Ehbrto  of  3  mi.  (After 
Kolimani),  from  a  model  by  His.) 

Eardlnin  poilario* 


Vmuhu  tnuik  of  the  heart 

HMocudiom  latra4]« 
DoctBi  Coritri 
T.  ambDlMlii 


JoBctlon  of  Tolk-nc 

with  intBitlne  pKitonul  ckTitj 

mediately  enclose  the  body  cavity  become  transformed  into  a  characteristic 
pleuro-peritoneal  membrane.  Near  the  mid-dorsal  line,  a  vertical  double  plate 
of  peritoneum  extends  ventrally  connecting  the  somatic  (parietal)  and  visceral 
layers  of  peritoneum,  and  constituting  what  is  termed  the  mesentery  (fig.  20). 

Fia.  2*. — DiAORAU  Illustrating  the  Rbcesbion  of  thb  Diapkraou  (Septum  Thans- 
TXB0UU)  IN  THE  HuuAN  Bhbrvo.  Od  the  ri^t  are  indicated  the  vertebral  levels:  on  the 
left,  the  poaition  of  the  septum  tranBveraum  in  a  seriea  of  embryoB  from  2  mm.  (XII)  to 
24  mm.  ^VI)  in  length,     pp,  pleuro-peritoneal  cavity.     (Mall.) 


Ab  developmeot  proceeds  the  digestive  tract  grows  in  lengthlmore  rapidly  than  the  cavity 
which  contains  it,  and  so  gradually  becomes  thrown  into  nmneroua  coila  m  the  abdominal 
region,  these  chanjns  leading  to  numerous  modific^iona  of  the  original  arrangement  of  tlM  tnes- 
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th«  liver,  the  paocreae  and  the  urimuy  bladder;  and,  with  the  exoeption  of  the  bladder,  each 
ofHhese  becomes  completely  invested  by  primitive  peritoneum.     In  the  case  of  the  liver  this 


of  the  thorax,  with  the  exception  of  a  small  ventr^  portion  which  forms  the  investment  of  the 
heart.  Fiuthennore,  the  cavities  which  surround  each  of  the  three  organs  named,  the  two  lunge 
and  the  heart,  become  completely  separated  from  one  another;  and  smce  each  investment  cod- 
siste  of  a  visceral  and  a  parietal  layer,  each  of  the  oraana  is  enclosed  within  a  double-wfdled 
sac,  which  in  the  case  of  each  lung  forms  its  pleura,  wnile  that  of  the  heart  is  known  as  the 
pericardi'um.  The  spaces  which  occur  within  the  tnor&x  between  the  pleurs  of  the  two  sides 
are  known  as  the  mediasCina,  which  include  the  heart,  (esophagus,  etc,  (fig  21). 

Tn  addition  to  the  viscera  mentioned  there  are  some  organs,  such  as  tne  spleen  and  genito- 
urinary organs,  which  are  developments  of  the  mesoderm,  the  spleen  sriaing  in  the  mesentery 
which  passes  to  the  stomach  and  the  genito-urinary  organs  primarily  from  the  intermediate 
cell  mass.  The  morphogeny  of  these  atructurea  and  also  of  the  vascular  system,  nervous  system, 
and  sense  organs  will  be  considered  later  in  connection  with  their  structure. 

Fia.  25. — DiAOBAM  or  a  Cboss  Section  of  the  Eubryonic  Body  and  Limb.     (McMurrich, 
after  KoUman.) 

Dornl  dhlalor -' 


VsBtnl  diTldan  of 


Recession  of  the  diaphragm  and  heart. — In  the  early  stages  of  development 
the  heart  is  situated  far  forward,  in  what  will  eventually  be  the  pharyi^eal 

region  (figs.  12,  17).  Just  behind  (caudal  to)  the  heart,  between  it  and  the  yolk- 
sac,  is  a  plate  of  connective  tissue,  the  septum  transversum,  which  serves  for  the 
passage  of  large  veins  from  the  body  wall  to  the  heart  (figs,  17,  23).  This  septum 
together  with  certain  accessory  structures  eventually  gives  rise  to  the  diaphragm, 
which  becomes  a  complete  partition  separating  the  thoracic  and  abdominal  por- 
tions of  the  body  cavity. 

The  diaphragm  and  heart  are  therefore  originally  situated  far  above  (cranial  to)  their 
final  position  and  Mcede  in  the  course  of  development,  producing  an  elongation  of  the  vessels 
and  nerves  associated  with  them  and  forcing  downward  such  organs  as  the  stomach  and  liver 
(fig.  24).  The  chief  factor  in  this  displacement  is  probably  the  ventral  head  flejdon  and  the 
precocious  growth  and  expansion  of  the  organs  in  the  head  region.  The  effects  of  this  recession 
are  especi^ty  noticeable  in  the  nerves,  these  passing  to  the  various  organs  concerned  arising 
from  a  much  higher  level  than  that  occupied  by  the  organs.  The  nerve  to  the  diaphragm,  for 
instance,  comes  from  the  fourth  cervical  segment,  those  passing  to  the  cardiac  and  pulmonary 
plexuses  from  the  cervical  region,  and  those  to  the  plexus  in  relation  with  the  stomach,  liver 
and  adjacent  organs  from  the  thoracic  region.  The  blood-vessels,  however,  may  shift  their 
origins  from  the  main  ^nka  b^  successive  anastomotic  roots,  so  that  in  general  they  keep  pace 
witl)  the  viscera  in  the  migration  caudialward. 

The  limbs. — Each  limb  at  its  first  appearance  (fig.  22)  is  a  flat,  plate-like 
outgrowth  from  the  side  of  the  body,  and  consists  of  an  axial  mass  (blastema)  of 
mesodermic  tissue  from  which  the  limb  skeleton  will  develop,  and,  surrounding 
this,  a  layer,  also  of  mesodermic  tissue,  from  which  the  muscles  and  blood-vessels 
will  arise.     It  is  as  yet  uncertain  whether  the  muscle  blastema  is  derived  from  the 
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Fig.  27. — Diaobah  to  Show  the  Dbsivatites  of  thb  Branchial  Cixm.  I«,  II«,  Ille, 
IVe,  V«,  external  branchial  groovcB.  li,  Hi,  Illi,  IVi.  Vt.  internal  bnmobial  grooves.  Tona., 
palatine  toneil.  Bp  III,  Bp  IV,  epithelial  bodies.  Ub,  ultimobranchial  body.  TA., -thyreoid 
gland.     D.th.  gl.,  ductus  thyreogjoaaus.     (Modified  rom  Keibel  and  Mall.) 


vGoQt^Ic 
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As  the  muscles  become  differentiated,  nerves  grow  to  them  from  a  definite 
number  of  spinal  segmente  (fig.  25). 

At  first  each  limb  plate  is  bo  placed  that  ooe  of  its  aurfaceB  loolu  doraally  aod  the  other  ven- 
trally,  and  one  border  (that  corresponding  to  the  thumb  or  great  toe)  is  anterior  (i.  e.,  cranial) 
aad  the  other  poeterior  (caudal).  Later,  however,  each  limb  becomes  bent  cauaally  through 
about  nioetv  degrees,  so  that  the  limbs  whose  long  axes  were  at  first  at  right  angles  to  the  long 
axia  of  the  oody  come  to  lie  parallel  to  that  axis.  In  addition  there  occurs  a  rotation  of  each 
fore-limb  in  such  a  manner  toat  the  thumb  turns  latero-dorsally,  while  ia  the  lower  limb  the 
direction  of  the  movement  is  exactly  the  opposite,  the  great  toe  turning  ventro-medially.  Aa 
a  result  there  is  an  apparent  reveisal  of  the  surfaces  in  tne  two  limba,  the  flexor  muscles  of  the 
arm  reaching  on  the  surface  which  is  directed  anteriorly,  while  in  the  lower  limb  the  corre- 
sponding muscles  occupy  the  posterior  surface.  The  dorsum  of  the  foot  and  the  great  toe  side 
correspond  reapectively  to  the  back  and  thumb  side  of  the  hand,  the  tibia  corresponds  to  the 
radius  and  the  fibula  ia  the  ulna.  The  Umb  anlage  bood  becomes  divided  into  three  primary 
segiuents.  The  distal  segment  (hand  or  foot)  is  a  flattened  rounded  disc,  in  which  the  di^ts 
Boon  appear  (fig.  26).  The  proximal  portion  forms  the  forearm  or  leg  and  the  arm  or  thigh. 
In  general,  the  extremities  follow  the  law  of  cranio-caudal  and  dorso-ventral  {proximo-distal) 
development, 

Fia.  28B.— Face  or  Human  EMBByo 
AT  Staqe  Suobtli  Latbb  than  28A. 

(After  KalUua.) 


Pbsnatal  Gbowth  in  Length  / 


Age  in  Crown-rump  or 

lunar     '         sitting  height 
months    i  (MaD),  cm. 


(diameter  of  o 
■=0.2  mm.) 
0.25 


12.1 
16.7 
21.0 
24.5 
28,4 
31.6 


Crown-heel  or    ' 

standing  height  I 

(Mall),  cm. 


18.0 
26.0 
31.5 
37.1 
42.6 
47.0 
50.0 


1000.0 
1600.0 
2400.0 
3200.0 


Jbilu 


Ratio  of  iL 

to  weight  at  be- 
gianing  of  month 


999.0 
409.0 
11-0 


0.67 
0.60 
0.50 


n  length  and  weight  u  indi- 

^ „  , „ oatuB  may  be  estimated  from 

ita  total  length  as  follows.     Before  the  fil  th  month,  the  square  of  the  age  in  Ounar)  months  gives 
the  length  in  centimetres.     After  this,  the  age  in  months  multiplied  oy  five  gives  the  length. 


that  the  real  (relative)  growth  rate  rapidly  dimiaisheB.  The  ovum  iDoreases  in  weight  during 
the  first  month  about  1000  times,  or  100,000  per  cent,  (not  including  the  extra-embryonic 
structures).  This  rate  diminishes  rapidly,  however,  so  that  the  increase  during  the  last  iixtal 
month  is  onlj;  about  33  per  cent. 

The  continuation  of  growth  in  length  and  weight  during  the  postnatal  period  is  shown  id 
the  fallowing  chart  (fig.  30). 

The  following  chart  is  baeed  upon  data  from  Camerer  (1-6  yrs.).  Porter  (6-17  yra.),  and 
Roberts  (lS-20  yra.),  showing  the  average  [tostnatal  growth  in  hei^t  and  weight  by  sexes. 
The  average  height  at  birth  is  about  50  cm.  (20  inches);  weight,  about  3200  g.  (7  pounds).  Tlie 
male  is  slightly  heavier  and  taller  than  the  female,  except  during  the  acceleration  at  the  period 

•  270  days  (Mall). 
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Fia.  30. — ChjUIT  Showinq  Averaqe  Postnatal  Growth  in  Ueioht  and  Weight. 
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of  puberty.  Pubertj;  occurs  earlier  in  the  female,  ho  that  between  the  agea  of  12  and  15  the 
girls  exceed  the  boys  in  avei^ge  height  and  weight.  With  the  exception  of  this  period  of  B«cel< 
eration,  the  (relative)Krowtb  rate  in  general  diminisheB  steadily  from  birth,  and  has  practieally 
ceaaed  at  20  years.  The  average  height  at  this  time  ia about  160  cm.  (.5  ft,,  Sin.)  in  the  female, 
and  170  cm.  {hit..  Tin.)  in  the  male;  average  weight,  about  SS  kilograms  (12iSlb8.)  in  the  female, 
and  65  kilograms  (146  lbs.)  in  the  male.  UnderfaTourable  conditions,  growth  in  height  may  con- 
tinue slowly  up  to  about  25  years,  and  in  weight  even  longer;  but  m  old  ^e  there  is  a  alight 
decrease  in  both  height  and  weight. 

The  following  measuremeDts  (from  Holt,  "Diseases  of  Infancy  and  Childhood" 
may  be  taken  as  a  normal  average  standard  of  growth  during  the  first  three 
years.  The  weights  are  taken  without  clothing.  The  height  is  taken  by  plac- 
11^  the  baby  on  a  perfectly  fiat  surface  like  a  table,  and  having  some  one  hold 
the  child's  knee  down  so  that  he  Ilea  out  straight,  then  taking  a  tape-meaaure 
and  measuring  from  the  top  of  his  head  to  the  bottom  of  his  foot,  holding  the 
tape  line  absolutely  straight.  The  chest  is  measured  by  means  of  a  tape  line 
passed  directly  over  the  nipples  around  the  child's  body  and  midway  between 
full  inspiration  and  full  expiration.  The  head  measurement  is  taken  directly 
around  the  circumference  of  the  head,  over  the  forehead  and  occipital  bone. 


Birth 

Smooths. , . 
12  months , , 
18  months , , 

2  Years.... 

3  Years  . . . , 


Boys 
Girls 
Boys 
GirU 
Boys 
Girls 
'  Boys 
Girls 

Girls 


Chest, 

Head. 

pounds 

inches 

inches 

7.65 

20.6 

13.4 

20.5 

13.0 

13.5 

16.0 

25.4 

16.5 

17.0 

15.6 

26.0 

16.1 

20.5 

29.0 

18.0 

18.0 

19.8 

28.7 

17.4 

17.6 

18.5 

22.0 

29.7 

18.0 

18.0 

26.6 

32.5 

19,0 

18.9 

25.5 

32.5 

18,5 

18.6 

31.2 

35.0 

20,1 

19.3 

30.0 

35.0 

19.8 

19.0 

Relative  growth  of  the  parte. — The  growth  of  the  body  is  not  uniform  in  the 
various  parts,  and  changes  in  proportions  therefore  occur  during  development,  as 


1  mo.  (lutal)  5  mo.  newbora  i  rri.  6  yia.  ii  fri.  ij  jn. 

shown  in  fig.  31.  It  will  be  noted  that  the  changes  are  in  accordance  with  the 
law  of  developmental  direction  previously  explained,  the  growth  impulse  passing 
along  the  body  in  a  cranio-caudal  direction. 

The  head  is  therefore  largest  in  the  earlier  stages,  forming  about  half  the  body,  decreasing 
to  26  per  cent,  in  the  newborn,  and  to  7  or  8  per  cent,  of  the  body  in  the  adult.  The  upper 
limbt  increase  to  about  10  per  cent,  of  the  body  at  birth,  maintaining  thereafter  about  the  some 
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although  the  thoracicportion  teaches  its  n 

not  until  adult  life.    The  lower  limbs,  like  the  pelvis,  develop  sL 

of  the  body  at  birth  and  reaching  35  per  cent,  in  the  adult. 

Relative  growth  of  the  systems.— There  is  also  a  marked  difference  in  the  relative  growth 
of  the  various  systems.  Data  for  the  akin  and  tkeklon  are  somewhat  scanty  and  unsatis- 
factory. The  musculature,  however,  is  relatively  small  in  the  embryo,  increasing  to  about  25 
per  cent,  of  the  body  in  the  newborn,  and  to  40  or  46  per  cent,  in  the  adult.  The  visceral  eroup 
(including  brain  and  spinal  cord),  on  the  other  hand,  is  relatively  latest  in  the  early  emoryo, 
decreasing  from  about  35  per  cent,  of  the  body  to  about  24  per  cent,  in  the  oewbom  and  to  about 
10  per  cent,  in  the  adult. 

Relative  growth  of  the  organs. — While  im  general,  the  individual  organs  follow  the  course 
of  relative  growth  of  the  visceral  group,  each  organ  has  its  own  characteristic  course  of  growth. 
As  a  rule,  after  its  appearance  in  the  embryo,  each  organ  iacreases  more  or  less  rapidly  to  its 
manmum  relative  size,  after  which,  although  increasing  in  abstduit  size,  it  decreases  in  relative 
size  through  subsequent  prenatal  and  postnatal  life  up  to  the  adult. 

Thus  the  brain  in  the  embryo  of  the  second  month  forms  more  than  20  per  cent,  of  the  body, 
but  steadily  declines  to  about  13  or  14  per  cent,  in  the  newborn,  and  about  2  per  cent,  in  the 
adult.  The  spinal  cord  and  eyeballs  have  a  similar  course  of  growth.  The  heart  declines  from 
about  5  per  cent,  of  the  body  in  the  emb^o  of  the  second  month  to  about  .75  per  cent,  in  the 
newborn  and  .46  per  cent,  in  the  adult.  The  liver  decreases  from  a  maximum  of  nearly  10  per 
cent,  in  the  third  month  to  S  per  cent,  in  the  newborn  and  2.7  per  cent  in  the  adult.  The  supra- 
Teiud  glaruU  decrease  from  about  .46  per  cent,  of  the  body  in  the  third  month  to  .23  per  cent, 
in  the  newborn  and  .01  per  cent,  in  the  adult.  The  lun^t  decrease  from  3,3  per  cent,  in  the 
fourth  month  to  about  2  per  cent,  of  the  body  at  birth  and  1  per  cent,  (bloodless  weight}  in 
the  adult.  The  kidneya  reach  a  maximum  of  about  1  per  cent,  of  the  body  toward  the  endof  the 
fcetal  period,  decreasing  to  about  .46  per  cent,  in  the  adult.  The  thymus,  thyroid,  spleen  and 
alimenlary  canal  likewise  reach  their  maximum  slowly,  being  probably  relatively  lar^st  about 
the  time  of  birth.  The  ovary  and  testis,  however,  appear  to  be  relatively  largest  diu'ing  the 
prenatal  period. 

Variability. — It  must  be  borne  in  mind  that  all  etatemente  concerning  struc- 
ture refer  to  the  average  or  norm,  and  are  always  subject  to  variation.  This  is 
therefore  a  topic  of  importance  to  students  of  anatomy.  Variations  are  classified 
as  either  germijial  or  aotnatie. 

Germing  variations  are  due  to  fundamental  differences  in  the  germ  ^laBm,  and  are  trans- 
mitted by  heredity.  These  include  many  of  the  characters  whereby  one  individual  differs  from 
another.  Variations  according  to  sex  are  included  under  this  class.  Variations  inherited  from 
more  or  less  remote  ancestors  are  termed  atairittie  or  revertional. 

Somatic  variations,  or  'acquired  characters,'  are  due  to  environmental  influences,  such 
as  nutrition,  temperature,  shelter,  disease,  training,  etc.  While  somatic  variations  may  be 
very  great,  they  ao  not  ^ect  the  germ  plasm  and  are  not  transmitted  by  heredity. 

In  many  cases  it  is  exceedingfy  difficult  to  distinguish  germinal  from  somatic  variations 
Size,  for  example,  may  be  due  to  either  or  both.  Moreover,  somatic  variations  may  be  pro- 
duced at  any  time  after  the  fertilisation  of  the  ovum.  Very  slight  environmental  chants  are 
sometimes  sufficient  to  produce  a  marked  effect  upon  the  delicately  balanced  mechamsm  of 
the  developing  embryo.  Malformations  and  pathological  conditions  are  thus  often  to  be 
exi>lained.  As  to  the  extent  of  variability,  some  characters  are  much  more  variable  thui  others. 
Height,  for  example,  is  less  variable  than  weight.  Moreover,  variabiUty  differs  in  the  various 
parts  and  organs.  In  general,  the  head  and  head  organs  are  less  variable  than  the  remainder 
of  the  body.    The  skeleton  and  musculature  appear  less  variable  than  the  integument  and 

Details  concerning  variations  and  methods  for  their  measurement  may  be  found  in  works 
on  genetics  and  biometrical  statistics. 

R^eiences,— Embryology:  Keibel  and  Mall,  Human  Embryology  (2  vols.); 
Bryoe,  Quain'a  Anatomy,  11th  ed,,vol.  l;Minot,LaboratoryText-book  of  Embry- 
ology; McMurrich,  Development  of  the  Human  Body.  Groidh:  Minot,  Age, 
Growth,  and  Death;  Jackson,  Amer.  Jour.  Anat.,  vol.  9;  Anat.  Record,  vol.  3. 
Heredity:  Davenport,  Heredity  and  Eugenics;  Walter,  Genetics.  Biometry: 
Davenport,  Statistical  Methods;  Yule,  Theory  of  Statistics. 
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$7.  Effect  of  acute  and  chronic  inanition  upon  the  relative  loeighta  of  the 
various  organs  and  systems  of  adult  aUnno  rats.  C.  M.  Jacksok, 
Institute  of  Anatomy,  University  of  Minnesota.  Minneapolis. 
Twenty-one  well-nourished  adult  rats  were  used,  initial  body  weights 
varying  from  182  to  367  grams.  Fifteen  rats  were  used  for  acute 
inanition,  being  allowed  water  but  no  food.  They  were  killed  after  6 
to  12  days,  the  loss  in  body  weight  varying  from  25  to  39  per  cent  (aver- 
age loss,  36  per  cent).  Six  rats  were  subjected  to  chronic  inanition, 
being  underfed  so  as  to  reduce  the  body  weight  slowly  through  a  period 
of  about  five  weeks,  and  were  Jdlled  when  the  loss  in  body  weight 
reached  about  36  per  cent.  The  results  below  stated  apply  in  general 
to  both  acute  aud  chronic  inanition,  unless  otherwise  speciCed.  The 
published  data  of  Donaldson,  Hatai,  Jackson  and  Lowrey  are  taken  as 
normal  for  compaiison.  On  account  of  the  great  variability  of  some 
organs  and  the  relatively  small  number  of  observations,  final  conclu- 
sions are  in  some  cases  uncertain. 

The  head  and  fore-limbs  lose  relatively  less  than  the  body  as  a  whole. 
Their  relative  (percentage)  weight  therefore  increases.  '  Of  the  systems 
— integument,  skeleton,  musculature,  viscera  and  'remainder' — the  in- 
tegumer  t  loses  relatively  nearly  the  same  as  the  whole  body,  and  there- 
fore nearly  maintains  its  original  relative  (percentage)  weight,  The 
same  is  true  of  the  musculature,  which  however  imdergoeg  a  somewhat 
greater  loss  in  relative  weight  during  chronic  inanition.  The  visceral 
group,  as  a  whole,  undergoes  little  change  in  relative  weight,  decreas- 
ing slightly  in  acute  inanition.  The  individual  organs,  however,  vary 
greatly,  as  indicated  below.  The  skeleton  retains  nearly  its  original  ab- 
solute weight,  and  therefore  increases  greatly  in  relative  weight.  There 
is  a  corresponding  decrease  in  the '  remainder,'  due  chiefly  to  loss  of  fat. 
The  individual  viscera  may  be  classified  in  three  groups: 

(1)  The  brain,  spinal  cord  and  eyeballs  show  little  or  no  loss  in 
absolute  weight,  compared  with  the  normal  at  the  initial  body  weight, 
hence  their  relative  (percentage)  weight  has  markedly  increased  with 
the  diminution  in  body  weight  during  inanition.  The  same  is  appar- 
ently trae  for  the  thyroid  gland  in  acute  inanition,  but  in  chronic 
inanition  there  is  apparently  a  loss,  though  relatively  les**  than  in  the 
body  as  a  whole.  The  suprarenal  glands  also  apparently  lose  less  in 
absolute  weight  than  the  body  as  a  whole,  hence  their  relative 
(percentage)  weight  increases. 

(2)  The  heart,  lungs,  kidneys,  testis,  epididymis  and  hypophysis 
undei^o  nearly  the  same  relative  loss  in  weight  as  the  body  as  a  whole, 
therefore  their  relative  (percentage)  weight  remains  nearly  the  same. 
The  thymus  has  already  undergone  age  involution,  and  is  therefore  not 
materially  affected  by  inanition. 

(3)  The  liver  and  the  alimentary  canal  (both  empty  and  including 
contents)  usually  decrease  in  weight  relatively  more  than  the  body 
as  a  whole.  The  spleen  is  exceedingly  variable;  in  acute  inanition  it 
usually  shows  a  marked  decrease  in  relative  weight  (although  averag- 
ing higher  in  chronic  inanition). 
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£8.  Chaiiges  in  young  albino  rats  held  at  constant  body  weight  by  under- 

feeding  for  various  periods.    C.  M.  Jackson,  Institute  of  Anatomy, 

University  of  Minnesota,  Minneapolia. 

Ten  litters,  including  65  rats,  were  used.  Twenty-five  rats  were 
used  as  controls,  including  11  at  3  weeks  of  age,  2  at  6  weeks,  6  at  10 
weeks,  3  at  32  weeks,  and  3  at  35  weeks.  In  addition,  data  previously 
gathered  by  observations  upon  several  hundred  normal  rats  were  avail- 
able for  comparison.  Forty  rats  were  held  at  constant  body  weight 
by  underfeeding  tor  various  periods,  8  rats  from  age  of  3  weeks  to  age 
of  6  weeks;  3  rats  from  3  weeks  to  8  weeks;  22  rats  from  3  weeks  to  10 
weeks;  1  rat  from  3  weeks  to  13  weeks;  1  rat  from  3  weeks  to  16  weeks; 
2  rats  from  6  weeks  to  32  weeks;  and  3  rats  from  10  weeks  to  35  weeks. 
On  account  of  the  great  variability  of  some  organs,  the  number  of 
observations  in  some  cases  is  insufficient  for  final  conclusions. 

As  to  body  proportions,  the  relative  weights  of  the  head,  trunk  and 
extremities  remain  practically  unchanged  in  young  albino  rats  held  at 
constant  body  weights. 

Of  the  systems — integument,  skeleton,  musculature,  viscera  and 
'remainder' — there  is  but  little  change  in  the  weight  of  the  muscula- 
ture, visceral  group  (as  a  whole)  and  'remainder.'  There  is,  however, 
usually  a  marked  decrease  in  the  integument,  counter-balanced  by  a 
marked  increase  in  the  skeleton.  Thus  under  these  conditions  the 
growth  capacity  appears  weakest  in  the  skin  and  strongest  in  the  skele- 
tal system.  This  is  in  striking  contrast  with  the  normal  growth  proc- 
ess, during  which  the  musculature  shows  the  greatest  increase  and  the 
skeleton  lags  behind  relatively. 

The  increase  in  the  skeleton  during  constant  body  weight  appears  to 
involve  the  ligaments  and  cartilages  as  well  as  the  bony  skeleton.  The 
skeletal  growth  t«nds  to  proceed  along  the  lines  of  normal  development, 
as  indicated  by  changes  in  water  content,  by  formation  and  union  of  epi- 
physes, and  by  relative  elongation  of  the  tail  (compared  with  trunk 
length).  The  teeth  also  continue  to  develop  normally  (eruption  of 
third  molars). 

The  individual  viscera  may  be  classified  in  three  groups. 

(1)  There  is  during  the  maintenance  of  constant  body  weight  a  well- 
marked  increase  in  the  weights  of  the  spinal  cord  and  eyeballs;  usually 
also  of  the  testis  alimentary  canal  (both  empty  and  including  contents) 
and  hypophysis. 

(2)  There  is  no  marked  change  in  the  weights  of  the  brain,  heart, 
lungs,  suprarenal  glands,  kidneys  and  epididymi.  The  liver  is  variable, 
with  apparently  a  slight  tendency  to  increase  in  the  younger  rats  and 
to  decrease  in  the  older. 

(3)  There  is  always  a  marked  decrease  in  the  weight  of  the  thymus 
('hunger  involution');  usually  also  of  the  spleen  (earlier  stages)  and 
probably  to  a  slight  extent  of  the  lungs  and  thyroid  gland. 
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As  emphasized  by  the  author  in  a  previous  paper  (Jackson  '13), 
there  is  great  need  of  a  series  of  comprehensive  growth  norms, 
which  would  serve  as  a  basis  for  experimental  work  and  give  a 
better  insight  into  the  growth  process  in  animals.     Through  the 
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investigations  of  Donaldson,  Hatai,  Jackson,  Lowrey  and  others, 
considerable  progress  has  been  made  toward  the  establishment  of 
a  growth  norm  for  the  albino  rat.  Since  the  normal  growth  proc- 
ess and  the  relative  weights  of  the  organs  are  frequently  modified 
by  malnutrition  from  various  (sometimes  unsuspected)  causes,  it  is 
clearly  of  great  importance  to  know  the  effects  produced  by  in- 
anition. In  drawing  conclusions  from  the  results  of  any  experi- 
ment upon  animals,  the  possible  effect  of  inanition  should  always 
be  kept  in  mind.  The  present  investigation  upon  this  subject, 
which  was  begun  at  the  University  of  Missouri,  has  been  con- 
tinued at  the  University  of  Minnesota  with  the  aid  of  a  special 
grant  from  the  research  fund  of  the  Graduate  School.  The 
grant  was  used  to  employ  a  research  assistant,  who  cared  for 
the  animals  and  assisted  in  the  dissections,  weighings,  calcu- 
lations, etc, 

MATERIAL  AND  METHODS 

The  material  included  21  well-nourished  adult  albino  rats 
(Mus  Nor\'egicus  albinus)  of  unknown  age.  Two  of  these  (O  5 
and  O  6)  were  derived  from  the  Missouri  colony  and  19  from  a 
local  Minnesota  stock.  Of  the  21,  4  were  females  and  17  males. 
They  had  been  fed  chiefly  upon  grain  (oats  and  com)  with  occa- 
sional meat  and  vegetables,  and  were  placed  upon  a  bread  and 
milk  diet  for  some  days  before  beginning  the  experiment.  Dur- 
ing the  experiment  they  were  kept  in  cages  with  wire-net  bot- 
toms, allowing  the*  feces  (which  might  otherwise  be  eaten)  to  drop 
through. 

Fifteen  of  the  rats  were  used  for  the  acute  inanition  experi- 
ment. They  were  allowed  plenty  of  water,  but  no  food  other- 
wise. They  were  weighed  daily  and  the  individual  records  kept. 
The  initial  body  weights  varied  from  182  to  367  grams  (table  3). 
They  were  killed  after  6  to  12  (average  9)  days,^  the  total  loss 
in  body  weight  varying  from  25  to  39  per  cent  (average  loss, 

'  Itcll  CIl)  found  that  the  wild  brown  (Norway?)  rat  in  captivity  would  live 
only  3  or  4  daya,  with  loss  of  25  or  30  per  cent  in  body  weight,  when  water  is 
Bupplicd  but  food  withheld.  Among  animals  in  general,  the  older  or  larger  are 
able  lo  withstand  inanition  longer  than  the  younger  or  smaller  animals,  probably 
on  account  of  less  rapid  metabolism  in  the  former. 
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about  33  per  cent).  This  represents  moderately  severe,  but  not 
extreme  inanition,  as  a  well-nourished  adult  albino  rat  will 
probably  lose  40  per  cent  of  his  body  weight  before  death,  if 
kept  warm.  When  pushed  to  the  extreme,  however,  the  rat  is 
likely  to  die  unexpectedly,  with  undesirable  post  mortem 
changes.  These  might  affect  not  only  the  structure  but  also  the 
weight  of  the  organs,  through  congestion  and  coagulationof  blood, 
and  should  therefore  be  avoided .  Three  of  the  rats  included  (table 
3,  rats  Nos.  M  9,  M  13,  and  S  28)  were  found  dead,  and  in  this 
case  merely  the  weights  of  the  head,  extremities,  integument, 
skeleton  and  musculature  (which  did  not  appear  to  be  materially 
affected)  are  recorded. 

In  the  rats  subjected  to  acute  inanition,  the  daily  loss  in 
body  weight  was  fairly  uniform  in  some  individuals,  but  varied 
greatly  in  others.  As  might  be  expected,  the  loss  is  usually 
(though  not  invariably)  greatest  on  the  first  day  of  the  experi- 
ment, probably  due  to  the  reduction  in  contents  of  the  stomach 
and  intestines.  In  most  cases  (11  out  of  15)  the  loss  in  body 
weight  is  greater  during  the  first  half  than  during  the  second 
half  of  the  experiment,  though  the  difference  is  usually  shght. 
There  is  no  constant  relation  between  the  percentage  loss  in 
body  weight  and  either  the  initial  body  weight  or  the  length  of 
the  inanition  period.  In  general,  the  loss  in  body  weight  of 
albino  rats  during  acute  inanition  is  very  similar  in  extent  and 
variations  to  that  found  by  Chossat  ('43)  for  pigeons.  Chossat 
demonstrated  that  the  loss  in  body  weight  is  greatest  in  the  first 
third  of  the  inanition  period,  slightly  less  in  the  last  third,  and 
considerably  less  in  the  middle  third. 

In  order  to  compare  the  results  of  chronic  inanition,  6  rats 
(all  males)  were  fed  upon  a  bread  and  milk  diet  gradually  de- 
creased in  amount,  so  as  to  reduce  the  body  weight  about  1  per 
cent  (of  the  initial  weight)  daily.  Water  ad  libitum  was  also 
supplied.  This  was  continued  until  the  loss  in  body  weight 
amounted  to  an  average  of  about  36  per  cent,  which  required 
about  5  weeks  (table  3).  The  amount  of  food  (entire  wheat 
(Graham)  bread  soaked  in  whole  milk),  required  for  this  purpose 
varied  somewhat  in  individuals,  but  was  approximately  10  per 
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cent  of  the  body  weight  daily.  This  is  usually  found  insufficient 
for  the  mainteoance  of  body  weight  in  adult  albino  rats  at  ordi- 
nary room  temperature.  One  rat  {No.  M  4)  was  foimd  dead; 
the  others  were  killed. 

At  the  end  of  the  experiment,  in  both  acute  and  chronic  in- 
anition, the  rats  were  killed  by  chloroform  and  the  various 
organs  and  parts  carefully  dissected  and  weighed.  The  techni- 
que followed  is  that  described  by  Jackson  ('13)  and  Jackson  and 
Lowrey  ('12).  The  skeleton  was  first  prepared  as  heretofore  by 
carefully  dissecting  off  the  musculature,  leaving  the  periosteum, 
Ugaments  and  cartilages  intact.  This  is  recorded  as  'ligamentous 
skeleton.'  In  most  cases  the  periosteum  and  ligaments  were  then 
removed  by  maceration  for  about  one  hour  in  1  per  cent  'gold 
du^'  solution,  following  which  the  bones  were  cleaned  under  water 
with  forceps  and  camel's  hair  brush.'  So  far  as  possible,  the 
cartilages,  including  the  intervertebral  disks,  were  left  intact  and 
included  with  the  skeleton.  The  skeleton  was  then  taken  from 
the  water  (excess  moisture  removed  by  filter  paper)  and  weighed 
as  'cartilaginous  skeleton,'  The  skeleton  was  then  dried  for  30 
days  in  a  dust-proof  case  at  ordinary  room  temperature.  This 
was  found  insuificient  to  remove  all  moisture,  so  the  skeletons 
were  finally  dried  several  days  in  an  oven  at  about  90°C.,  until  a 
constant  weight  was  reached. 

Portions  of  the  various  tissues  and  organs  were  preserved  for 
histological  study,  which  will  be  considered  in  a  later  paper. 

As  heretofore,  in  calculating  the  percentagp  weights,  the  net 
body  weight  (gross  body  weight  less  intestinal  contents)  is  taken. 
The  percentage  weights  of  the  organs  are  therefore  slightly 
higher  than  they  would  be  if  calculated  upon  the  basis  of  the 
gross  body  weight,  but  the  diiference  is  usually  negligible,  as 
the  intestinal  contents  form  only  2  or  3  per  cent  of  the  body 
weight  during  inanition. 

'  For  this  method  of  preparing  the  cartilaginous  akeleton,  I  am  indebted  to 
ProfesBor  Donaldson  of  The  Wiatar  Inslitutc.  lie  states  (in  a  personal  com- 
munication) that  the  fresh  skeleton  is  apparently  slightly  reduced  (about  3  per 
cent)  in  weight  by  the  'gold  dust'  treatment,  but  this  difference  is  so  small  aa  to 
be  practically  negligible. 
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For  purposes  of  comparison,  the  previous  observations  upon 
the  normal  weights  of  the  various  organs  of  the  albino  rat  by 
Donaldson  {'09),  Hatai  ('13),  Jackson  ('13)  and  Jackson  and 
Lowrey  {'12)  were  utilized.  Some  unpublished  data  from  the 
Missouri  Agricultural  Experiment  Station  upon  a  series  of  six 
steers,  varying  from  very  fat  to  thin,  are  cited  through  the 
courtesy  of  Professors  Trowbridge  and  Moulton. 

The  averages  given  in  table  3  are  the  arithmetical  means  of 
the  corresponding  individual  observations  in  the  acute  and  the 
chronic  inanition  series,  respectively.  In  estimating  the  nor- 
mals at  corresponding  initial  body  weights  for  comparison,  how- 
ever, merely  the  averages  were  used.  That  is,  the  absolute 
weight  of  each  organ  corresponding  to  the  average  body  weight 
was  estimated  (from  data  already  available  for  the  normal  rat), 
and  the  corresponding  percentage  weight  calculated.  This  is 
not  quite  so  accurate  as  it  would  have  been  if  the  corresponding 
normal  for  each  individual  had  been  estimated,  and  the  mean  of 
these  taken  for  comparison  with  the  averages  in  the  acute  and 
chronic  inanition  series.  However,  the  difference  is  slight  and 
apparently  not  sufficient  in  the  present  series  to  justify  the 
more  laborious  method  of  making  the  individual  estimates. 

In  view  of  the  comparatively  small  number  of  observations, 
and  the  known  variability,  especially  of  some  of  the  organs 
(Jackson  '13),  the  conclusions  reached  in  the  present  paper  are 
by  no  means  to  be  considered  as  final.  It  is  believed,  how- 
ever, that  they  are  suflBcient  to  give  an  approximate  idea  of 
some  of  the  more  obvious  and  important  changes  in  weight  dur- 
ing inanition.  As  such  they  may  be  useful,  even  though  limited 
in  number,  and  may  lead  to  further  and  more  extensive  inves- 
tigations in  the  case  of  various  individual  organs.  In  general, 
the  amount  of  variation  found  is  suffi.cient  to  demand  the  exer- 
cise of  caution  in  drawing  conclusions  from  an  insufficient  num- 
ber of  observations,  as  is  sometimes  done  in  experimental  work. 

Although  the  literature  on  the  subject  of  inanition  is  ex- 
tremely large,  comparatively  few  specific  data  directly  bearing 
upon  the  question  of  the  changes  in  the  weight  of  the  various 
organs  are  to  be  found.     These  are  referred  to  later  under  the 
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appropriate  headings.  Papers  dealing  merely  with  histological 
changes  are  usually  not  mentioned.  Extensive  references  to 
the  Uterature  on  inanition  will  be  found  in  the  articles  by  Moi^lis 
{'11)  and  Muhlmann  ('99). 

LENGTH  OF  BODY  AND  TAIL 

With  reference  to  the  body  weight  compared  to  the  body 
(nose-anus)  length  at  the  end  of  the  inanition  period,  the  nor- 
mal relations  as  determined  by  Donaldson  ('09)  were  used  for 
comparison.  As  might  be  expected,  the  body  weight  following 
inanition,  both  acute  and  chronic,  is  found  to  be  lower  than  nor- 
mal for  corresponding  trunk  length,  since  the  skeleton  is  known 
to  be  in  general  but  sUghtly  affected  by  inanition.  The  differ- 
ence, however,  is  surprisingly  small.  It  is  a  noteworthy  fact 
that  the  initial  body  weight  of  the  animals  used  in    he  experi- 


Normal  groaa  body  weight  (theoretical,  Donftldson)  corre- 
sponding to  body  length  at  end  of  inanition  period,  average 
(from  individual  calculations) '      191 

Actual  groBB  body  weight  found  at  beginning  of  the  inani-  ' 
tion  period,  average  (table  1) 255 

Actual  gross  body  weight  found  at  end  of  the  inanition 
period,  average 170 


ments  is  far  greater  than  that  normal  for  the  body  length  at 
the  end  of  the  inanition  period.  (The  length  cannot  be  accu- 
rately measured  in  the  living  animal  without  anesthetics  at  the 
beginning  of  the  experiment.) 

Thus,  as  shown  in  table  1,  the  body  length  at  the  end  of  the 
inanition  period  corresponds  to  a  body  weight  much  nearer  to 
the  final  than  to  the  initial  weight  of  the  animals  subjected  to 
inanition. 

There  are  two  possible  explanations  for  this  surprisingly  close 
approach  to  the  normal  in  the  body  weight  after  inanition.  It  is 
possible  that  the  rats  at  the  beginning  of  the  experiment  were 
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somewhat  too  heavy  for  the  normal  at  corresponding  body 
length.  This  might  accoimt  for  the  result,  even  on  the  assump- 
tion that  the  body  length  has  remained  constant  during  the 
period  of  inanition.  On  the  other  hand,  it  is  more  probable  that 
there  has  been  an  actual  sh^t  decrease  in  the  trunk  length  dur- 
ing inanition  (probably  due  to  shrinkage  of  the  intervertebral 
disks),  which  would  equally  well  account  for  the  facts  observed. 
Individual  variations  mxist  also  be  kept  in  mind,  as  well  as  the 
possibility  that  the  nonnal  ratio  of  body  weight  to  body  length 
in  the  strain  of  rats  used  may  differ  somewhat  from  the  nonnal, 
as  determined  by  Donaldson. 

The  theory  of  a  decrease  in  the  trunk  length  during  inanition 
is  strengthened  by  the  apparently  changed  ratio  of  tail  length 
to  body  length.  In  a  separate  paper  (Jackson  '15)  I  have  shown 
that  the  normal  ratio  of  the  tail  length  to  body  length  in  the 
albino  rat  increases  from  an  average  of  about  0.36  in  the  new- 
bom  to  0.88  at  6  weeks  (body  weight  50  grams),  decreasuig 
slowly  to  about  0.85  at  a  body  weight  of  200  grams  and  to  about 
0.80  at  300  grams.  (The  lower  ratio  found  in  the  heavier  rats 
is  partly  due  to  the  absence  of  females,  in  which  the  tsdl  aver- 
ages relatively  longer  than  in  the  males.)  Thus  it  appears  that 
in  rats  with  body  weights  corresponding  to  the  initial  weights  in 
the  inanition  series,  the  normal  averase  ratio  of  tail  length  to 
body  length  should  be  between  0.80  and  0.85.  It  is  impracti- 
cable to  make  the  actual  measurements  on  the  Uving  animals, 
although  this  might  be  done  by  the  use  of  anesthetics.  The 
data  given  in  table  3  show  that  at  the  end  of  the  inanition  pefiod, 
however,  the  average  ratio  in  the  acute  inanition  series  is  0.93, 
and  in  the  chronic  inanition  series,  0.97.  Thus  it  appears  that 
inanition  in  adult  albino  rats  tends  to  produce  relatively  long- 
tailed  individuals,  due  probably  to  a  shrinkage  in  the  tnmk  length . 

Hatai  ('08)  reached  the  opposite  conclusion,  viz.,  that  under- 
feeding produces  short-tailed  individuals;  but  his  observations 
were  upon  yoimger,  growing  rats,  in  which  the  conditions  might 
be  somewhat  different.  Morgulis  ('11)  in  the  salamander,  Die- 
myctylus,  Ukewise  found  a  greater  shrinkage  in  the  tail  during 
inanition,  while  Harms  ('00)  found  the  converse  to  be  true  in 
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Triton.  This  question  is  discussed  more  fully  in  the  paper  above 
referred  to  (Jackson  '15),  the  conclusion  being  that  inanition  in 
yoxing  rata  also  tends  to  produce  relatively  long-tailed  individuals. 

HEAD 

The  head  (fig.  1;  table  3)  in  acute  inanition  averages  about 
11.2  per  cent  of  the  body  weight,  varying  from  10  per  cent  in 
the  larger  rats  to  13.9  per  cent  in  the  smaller.  Normally  {Jack- 
son '13;  Jackson  and  Lowrey  '12)  in  rats  corresponding  to  the 
body  weight  at  the  beginning  of  the  experiment,  the  head  should 
range  from  about  8  per  cent  in  the  larger  rats  to  10  per  cent  in 
the  smaller,  the  average  for  the  group  being  about  9  per  cent. 
Thus  we  may  assume  that  during  the  period  of  acute  inanition 
the  head  has  increased  from  an  average  of  about  9  per  cent  to 
about  11.2  per  cent  of  the  body.  This  is  an  increase  of  about 
one-fourth  in  the  relative  size  of  the  head. 

Since  the  whole  body  has  lost  an  average  of  one-third  in  ab- 
solute weight,  it  might  appear  at  first  glance  that  the  head 
has  remained  nearly  constant  in  absolute  weight.  This,  how- 
ever, is  not  true.  If  the  body  weight  decreased  one-third  while 
the  head  remained  constant  in  absolute  weight,  the  relative 
(percentage)  weight  of  the  head  would  increase  in  the  ratio  of 
2: 3  or  from  9  to  13^  per  cent.  A  study  of  the  absolute  weights 
of  the  head,  compared  with  the  normal,  at  the  beginning  of  the 
experiment  shows  that  the  head  has  actually  lost  weight,  but  in 
much  smaller  proportion  than  the  body  as  a  whole.  This  is  what  is 
to  be  expected  since,  as  will  be  shown  later,  the  brain,  eyeballs 
and  skeleton  in  general  lose  but  Uttle  or  none  in  absolute  weight 
during  inanition;  while  the  loss  in  fat  (some  of  which  is  on  the 
head)  is  great,  and  the  loss  in  the  integument  and  musculature  is 
in  nearly  the  same  proportion  as  in  the  body  as  a  whole. 

The  head  of  the  6  rats  subjected  to  chronic  inanition  averages 
11.4  per  cent  of  the  body  weight,  slightly  higher  than  in  acute 
inanition.  The  rats  used  in  chronic  inanition  averaged  smaller 
in  body  weight  (table  3),  and  the  normal  relative  initial  weight 
of  their  heads  should  therefore  be  slightly  higher,  about  10 
per  cent  (instead  of  9  per  cent,  as  in  the  acute  inanition  group). 
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Hoad 
e(10)pof  cent 

Head 
11.2  per  cant. 

Head 
11.4  per  cent 

Fore-limb* 
6.0  par  oant. 

Fore-limbs 
■     7.2  per  cent. 

Fore-limbs 
6.9  per  cent 

Hind-limbi 
15.0  per  cent. 

-      Hind-limbs 
17.5  percent. 

15.3  percent 

Trunk 
71.0  per  oeirt. 

Trunk 
6B.4  per  cant 

Trunk 
64.1  par  canL 

Normal  Ir 


Chronic  inanition 


Pig.  1  Diagram  representing  the  relative  (percentage)  weights  of  the  head, 
trunk  and  extremities  of  adult  albino  rata.  The  first  column  represents  the  re- 
lations found  in  normal  rats  corresponding  to  the  average  initial  body  weight  of 
those  used  in  the  experiments.  1  he  second  column  represents  the  relations  found 
in  Ihe  acute  inanition  scries,  and  the  third  column  those  found  in  the  chronic 
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EXTREMITIES  AND  TRUNK 


The  extremities  were  separated  from  the  trunk  at  the  shoulder 
and  hip-joints,  respectively.  From  figure  1  and  table  3  it  is  seen 
that  the  fore  limbs  formed  an  average  of  7.2  per  cent  of  jthe  body 
in  the  acute  inanition  series,  and  6.9  per  cent  in  the  chronic 
inanition  series.  According  to  Jackson  and  Lowrey  ('12),  in  the 
normal  adult  rat  the  fore  limbs  form  about  5  per  cent  of  the 
body.  Consequently  it  would  appear  that  there  has  been  a  rela- 
tive increase  in  the  weight  of  the  fore  limbs  during  inanition, 
especially  during  acute  inanition.  This  increase  is  greater  than 
would  be  expected,  since  (as  will  appear  later)  the  skeleton  is 
the  only  important  constituent  of  the  limbs  which  increases  in 
relative  weight  during  inanition,  the  integument  and  musculatm-e 
remaining  relatively  constant.  The  conclusion  as  to  the  fore- 
limbs  should  be  regarded  as  uncertain,  however,  because  of;  (1) 
the  difficulty  in  separating  the  limbs  (especially  the  skin)  in  a 
imiform  manner;  (2)  the  comparatively  small  number  of  observa^ 
tions  upon  which  both  the  normal  and  the  experimental  average 
is  based;  (3)  the  apparent  lack  of  agreement  between  the  results 
for  the  entire  fore  limbs  and  for  their  components,  skin,  skeleton 
and  musculature.  It  is  possible,  on  the  other  hand,  that  the 
losses  for  skin,  skeleton  and  musculature  are  not  uniform  in  all 
parts  of  the  body.  Chossat  ('13)  has  shown,  for  example,  that 
the  great  pectoral  muscles  in  pigeons  lose  relatively  much  more 
than  the  remainder  of  the  musculature  during  inanition. 

The  hind  limbs  (fig.  1 ;  table  3)  in  the  normal  adult  form  about 
15  per  cent  of  the  body  (Jackson  and  Lowrey).  As  might  be 
expected,  this  is  slightly  increased,  to  17.5  per  cent,  in  the  acute 
inanition  series,  probably  on  account  of  tiie  relatively  heavier 
skeleton.  In  the  chronic  inanition  series,  the  hind  limbs  average 
15.3  per  cent,  or  about  the  same  as  normal.  This  may  be 
explained  as  due  to  the  relatively  greater  loss  in  the  integument 
and  musculature  during  chronic  inanition  (as  will  be  shown 
later),  this  loss  tending  to  counterbalance  the  relative  increase 
in  the  skeleton. 

The  trunk  (fig.  1;  table  3)  is  measured  by  substracting  the 
weight  of  the  head  and  extremities  from  the  net  body  weight. 
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It  forms  normally  about  0.71  per  cent  of  the  adult  body  {Jack- 
son and  Lowrey).  During  inanition,  the  trunk  becomes  relatively 
smaller,  averaging  64.6  per  cent  in  the  acute  inanition  series 
(64.1  per  cent,  corresponding  to  the  average  of  11.2  per  cent  for 
the  head  in  a  larger  series),  and  66.4  per  cent  in  the  chronic 
inanition  series.  The  relative  decrease  in  the  trunk  of  course 
counterbalances  the  relative  increase  in  the  head  and  extremities. 

INTEGUMENT 

As  shown  in  figure  2  and  table  3,  the  integument  (which  in- 
cludes the  skin  and  appendages,  hair  and  claws)  is  fairly  uni- 
form in  its  relative  weight,  averaging  18.9  per  cent  in  acute 
inanition  (or  19.1  per  cent  in  those  cases  in  which  the  viscera 
were  weighed),  and  17.8  per  cent  in  chronic  inanition.  The 
average  integument  for  normal  adults  (fig.  2)  corresponding  to 
the  initial  size  of  these  rats  forms  about  18  per  cent  of  the  body 
weight  (Jackson  and  Lowrey  '12).  It  is  therefore  evident  that 
during  both  acute  and  chronic  inanition  in  adult  albino  rats  the 
loss  in  weight  of  the  integument  is  nearly  proportional  to  that 
of  the  body  as  a  whole,  so  the  relative  (percentage)  weight  re- 
mains almost  the  same. 

In  absolute  weight,  the  integument  has  apparently  decreased 
from  about  45.9  grams,  the  normal  at  the  average  initial  body 
weight  in  the  acute  inanition  series  (255  grams),  to  an  average  of 
31.6  grams,  as  shown  in  table  3.  This  would  correspond  to  a 
loss  of  31.2  per  cent  in  the  weight  of  the  integument.  In  the 
chronic  inanition  series,  the  corresponding  decrease  is  from  38.5 
to  23.7  grams,  a  loss  of  38.4  per  cent.  Apparently,  therefore, 
the  loss  in  the  weight  of  the  integument  is  relatively  slightly 
greater  during  chronic  than  during  acute  inanition. 

The  data  found  in  the  Uterature  concerning  the  relative  loss 
of  the  integiuuent  during  inanition  are  not  in  agreement.  In  the 
dog,  Aron  ('11)  states  that  the  skin  loses  relatively  more  than  the 
muscles  (therefore,  more  than  the  body  as  a  whole);  Voit  ('05  b) 
cites  data  showing  a  relative  increase  in  the  (fat-free)  skin;  while 
Falck's  {'54)  data  show  the  skin  relatively  unchanged  in  weight. 
In  the  rabbit  and  cat,  observations  by  Pfeiffer  {'87),  Voit  C66) 
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Normal  initial 

Chronic  Inanition 

Fig  2  Diagram  representing  the  relative  (percentage)  weights  of  the  various 
systems  (integument,  ekeletoD,  musculature,  viscera  and  'remainder')  of  adult 
albino  rats.  1  he  first  column  represents  the  relations  found  in  normal  rat*  cor- 
responding to  the  average  initial  body  weight  of  those  used  in  the  experiments. 
The  second  column  represents  the  relations  found  in  the  acute  inanition  series, 
and  the  third  column  those  found  in  the  chronic  inanition  series. 
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and  Sedlmair  ('99)  show  a  relative  increase  in  the  skin  during 
inamtioD.  Much  of  the  variation  is  doubtless  due  to  the  differ- 
ences in  the  relative  amount  of  fat  present  in  the  integument 
of  the  normal  animal.  The  subcutaneous  fat  is  not  abundant 
in  the  rat.  Some  impublished  data  from  the  Missouri  Agri- 
cultural Experiment  Station  upon  a  series  of  steers  show  that 
the  percentage  of  the  hide  increases  from  5.5  per  cent  in  a  very 
fat  animal  to  8.5  per  cent  of  the  body  in  a  thin  animal. 

SKELETON 

The  ligamentous  skeleton  (table  3;  fig.  2)  forms  an  average  of 
15.3  per  cent  of  the  body  after  acute  inanition  (15.0  per  cent 
in  the  series  in  which  the  viscera  were  weighed),  and  16.4  per 
cent  after  chronic  inanition.  Since  the  average  for  the  normal  rat 
corresponding  to  the  initial  body  weight  of  the  animals  used  is 
only  about  10  per  cent  of  the  body  weight  (Jackson  and  Lowrey 
'12),  it  is  evident  that  while  the  body  weight  has  decreased  one- 
third  during  the  period  of  inanition,  the  Ugamentous  skeleton 
has  decreased  little  or  none  in  absolute  weight.  If  the  normal 
skeleton  formed  10  per  cent  of  the  body,  and  remained  constant 
while  the  body  lost  one-third  in  weight,  the  relative  we^t  of 
the  skeleton  would  be  increased  one-half,  or  to  15.0  per  cent. 
This  corresponds  with  the  observations  as  closely  as  could  be 
expected. 

In  terms  of  absolute  weight,  assuming  that  the  skeleton  formed 
10  per  cent  of  the  normal  initial  weight,  the  skeleton  apparently 
decreased  from  25.5  to  25.4  grams  in  the  acute  inanition  series 
(loss  of  0.4  per  cent);  and  increased  from  21.4  to  21.8  grams 
in  the  chronic  inanition  series  (gain  of  1.8  per  cent).  No  great 
stress  can  be  laid  upon  the  accuracy  of  these  figures,  however, 
on  account  of  the  small  number  of  observations,  and  the  varia- 
bihty  and  uncertainty  as  to  the  normal  weight. 

The  cartilaginous  skeleton,  including  the  bones  and  cartilages 
after  removal  of  the  hgaments  by  maceration  (as  previously 
described),  forms  an  average  of  10.9  per  cent  of  the  body  in  seven 
cases  of  acute  inanition,  and  12,4  per  cent  in  the  chronic  inani- 
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tion  series  (table  3).  No  published  observations  upon  the  nor- 
mal cartilaginous  skeleton  are  available  for  comparison.  Pro- 
fessor Donaldson  of  The  Wistar  Institute,  however,  has  very 
kindly  sent  me  a  series  of  observations  upon  the  weight  of  the 
cartilaginous  skeleton  in  normal  albino  rats.  The  average,  in  10 
cases  with  body  weight  varying  from  194  to  426  grams,  forms 
about  6.7  per  cent  of  the  (gross)  body  weight.  In  this  series, 
however,  I  understand  that  the  intervertebral  cartilages  were 
not  preserved,  so  this  figure  is  probably  somewhat  too  low  for 
use  as  a  normal  to  be  directly  compared  with  my  observations 
upon  the  cartilaginous  skeleton  in  inanition.  The  normal  adult 
cartilaginous  skeleton,  including  the  intervertebral  cartilages, 
would  probably  form  about  7  per  cent  (or  slightly  more)  of  the  net 
body  weight. 

The  dried  cartilaginous  skeleton  (table  3)  formed  an  average 
of  5.48  per  cent  of  the  net  body  weight  in  7  cases  of  acute  inani- 
tion, and  6.03  per  cent  in  the  6  chronic  cases.  Thus  it  is  evident 
that  in  each  series  the  cartilaginous  skeleton  is  composed  of  ap- 
proximately half  dry  substances  and  half  water.  In  the  acute 
inanition  series,  the  dry  substance  in  the  cartilaginous  skeleton 
averages  50.5  per  cent  (range,  45.1  to  54.6  per  cent).  In  the 
chronic  series,  the  dry  substance  averages  49.2  per  cent  (range, 
45.5  to  55.7  per  cent).  If  case  M  5  be  excluded  (which  appears 
to  be  exceptional  or  erroneous),  the  average  for  the  chronic  . 
series  would  be  still  lower,  or  47.9  per  cent.  In  any  event,  the 
dry  content  appears  to  be  slightly  lower  and  the  water  content 
correspondingly  higher  on  the  average  in  the  chronic  inanition 
series,  which  might  be  expected. 

Data  upon  the  normal  composition  of  the  skeleton  of  the  rat 
for  comparison  are  scarce.  In  one  case  which  I  have  observed 
(at  10  weeks)  the  net  body  weight  was  115  grams,  ligamentous 
skeleton  9.91  per  cent  of  body  weight,  fresh  cartilaginous  skele- 
ton 5.57  per  cent,  and  dry  cartilaginous  skeleton  2.97  per  cent. 
In  this  case  the  dry  substance  formed  53.4  per  cent  of  the  car- 
tilaginous skeleton.  Lo^vrey  ('13)  in  two  albino  rats  (body 
weight  267.5  grams)  finds  the  iigamenUms  skeleton  forming  about 
9  per  cent  of  the  body  weight,  and  containing  52.6  (52.1  to  63.1) 
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per  cent  of  dry  substance.  (This  would  probably  be  slightly 
higher  than  the  dry  content  of  the  cartilaginous  skeleton,  how- 
ever, on  account  of  the  higher  percentage  of  water  in  the  liga- 
ments.) Further  data  are  necessary  before  final  conclusions  can 
be  reached,  but  it  appears  that  in  the  rat  (as  in  other  animals) 
the  percentage  of  water  in  the  skeleton  is  increased  during 
inanition. 

It  is  a  well  known  fact  that  in  general  the  skeleton  loses  com- 
paratively little  during  inanition,  and  thus  increases  greatly  in 
relative  (percentage)  weight.  In  a  series  of  six  steers,  the  skele- 
ton varied  from  10.6  per  cent  of  the  body  in  a  very  fat  animal 
to  19.3  per  cent  in  a  thin  animal.  (Data  from  the  Missouri 
Agricultural  Experiment  Station.)  An  apparent  shgbt  loss  in 
absolute  weight  of  the  (cartilaginous?)  skeleton  has  been  ob- 
served during  inanition  as  follows:  pigeons,  by  Chossat  ('43), 
3  per  cent;  cats,  by  Voit  ('66),  14  per  cent;  little  or  none  by 
Sedimau-  ('99);  dogs,  little  or  none  by  Voit  ('05  a)  and  Falck 
('54) ;  rabbits,  little  or  none  by  Gusmitta  ('84),  Weiske  ('95)  and 
Pfeiffer  ('87). 

Since  the  calcified  framework  is  but  little  affected  in  voliume 
during  inanition,  it  is  evident  that  there  can  be  but  Uttle,  if  any, 
loss  in  absolute  weight  of  the  skeleton.  It  is  at  least  theoreti- 
cally possible  that  there  may  even  be  a  slight  iTureosc  in  its 
weight,  since  the  fat  in  the  bone-marrow  is  replaced  by  a  mucoid 
substance  (Jackson  '04)  presumably  of  higher  specific  gravity. 
Examination  of  bones,  therefore,  invariably  shows  a  marked 
increase  in  water  content  during  inanition.  As  Sedlmair  ('99) 
states  (p.  33):  "Es  giebt  kein  einziges  sicheres  Beispiel  fiir  einen 
geringeren  Wassergehalt  der  Knochen  hungemder  Tiere;  alle 
Forscher  (Chossat  und  Lukjanow  an  Tauben,  Gusmitta,  C. 
Voit  und  Schondorff  an  Hunden,  Weiske  an  Kaninchen)  fanden 
darin  einen  hoheren  Wassergehalt."  This  would  naturally  vary 
in  different  bones,  and  in  different  animals,  according  to  the 
relative  fat  content.  Small  animals,  Uke  the  rat,  have  in  general 
relatively  much  less  marrow  fat  than  larger  animals. 
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MUSCULATURE 

The  musculature  (table  3;  fig.  2)  forms  an  average  of  47.6 
per  cent  of  the  body  in  the  acute  inanition  series,  which  is 
slightly  higher  than  the  average  for  the  normal  adult  rat  (which 
is  about  45  per  cent,  Jackson  and  Lowrey  '12).  The  musculature 
in  the  chronic  inanition  series  is  somewhat  lower,  the  average 
being  43.0  per  cent  of  the  body  weight.  This  would  indicate  a 
somewhat  greater  loss  relatively  in  chronic  inanition. 

In  terms  of  absolute  weight,  the  musculature  would  appear  to 
have  decreased  from  114.75  to  79.25  grams  (a  loss  of  30.9  per 
cent)  in  the  acute  inanition  series;  and  from  96.30  to  57.0  grams 
(a  loss  of  40.8  per  cent)  in  the  chronic  inanition  series. 

There  is  much  variation  in  the  weight  of  the  musculature 
following  inanition,  judging  from  data  available  in  the  literature. 
The  statements  usually  refer  to  acute  inanition.  According  to 
Gaglio  ('84),  while  the  body  weight  of  the  frog  loses  56  per  cent 
the  musculature  loses  85  per  cent  of  its  weight.  The  muscula- 
ture appears  to  suffer  a  shght  relative  loss  (decrease  in  percent- 
age weight)  in  dogs  (Falck  '54;  Voit  '05  b)  and  cats  (Sedlmair 
'99),  while  it  remains  nearly  unchanged  in  the  rabbit  (Pfeiffer 
'87;  Voit,  '05  b).  On  the  other  hand,  data  from  a  series  of  steers 
slaughtered  in  the  Missouri  Agricultural  Experiment  Station 
indicate  a  relative  increase  in  the  musculature  from  about  33 
per  cent  of  the  body  weight  in  a  very  fat  animal,  to  44  per  cent 
in  a  lean  animal,  due  probably  to  the  earlier  loss  of  the  fat. 
Voit  ('66)  finds  a  slight  relative  increase  in  the  musculature  of 
the  cat.  Lasarew  ('97)  in  an  extensive  series  of  guinea-pigs  sub- 
jected to  various  degrees  of  inanition  found  that  the  loss  of  the 
musculature  is  somewhat  less  than  that  of  the  body  fat  in  the 
earlier  periods,  but  greater  in  the  later  periods.  While  the  body 
weight  lost  10  per  cent,  the  musculature  lost  only  7.28  per  cent 
of  its  weight;  but  the  loss  of  the  musculature  was  much  greater 
at  later  periods.  This  would  perhaps  explain  the  relatively 
greater  loss  of  the  musculature  during  chronic  inanition. 
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VISCERA  AND  REMAINDER 

The  average  for  the  total  visceral  group  in  the  normal  adult 
rat,  according  to  Ja«kson  and  Lowrey  ('12;  based  upon  only  a 
few  observations)  is  about  13.3  per  cent  of  the  body  weight. 
In  the  acute  nanition  series  (table  3;  fig.  2)  the  average  found 
is  11.1  per  cent;  while  n  the  chronic  scries  it  is  13.4  per  cent. 
This  would  seem  to  indicate  that  the  loss  in  weight  is  relatively 
greater  in  acute  than  in  chronic  inanition.  As  a  matter  of  fact, 
the  great  majority  of  the  individual  organs,  as  will  be  seen  later, 
show  a  greater  relative  loss  during  chronic  inanition.  The  liver 
and  spleen  are  exceptions,  however,  and  the  large  bulk  of  the 
former  overbalances  the  other  viscera  when  all  are  grouped 
together.  On  the  whole,  there  is  not  much  change  in  the  relative 
weight  of  the  visceral  group;  but  there  is,  however,  much  varia- 
tion among  the  individual  organs,  as  will  be  seen  later. 

Aron  ('11)  states  that  the  organs  lose  more  than  the  muscula- 
ture during  inanition  in  dogs.  Data  by  Voit  ('05  b)  show  a  de- 
crease in  the  relative  size  of  the  viscera  in  the  rabbit,  but  not 
much  change  in  the  dog. 

The  'remainder'  is  the  amount  obtained  by  substracting  from 
the  net  body  weight  the  weight  of  the  skin,  skeleton,  muscula- 
ture and  visceral  group.  It  includes  the  loss  by  evaporation  and 
escape  of  Uquids,  a  few  small  unweighed  organs,  and  the  dissect- 
able  masses  of  fat.  In  the  normal  adult  rat,  the  'remainder' 
forms  about  13  per  cent  of  the  body  weight  (Jackson  and  Lowrey 
'12).  In  the  chronic  inanition  series,  the  average  is  9.4  per 
cent.  In  the  acute  series  the  average  is  7.3  per  cent.  The  de- 
crease in  the  relative  weight  of  the  'remainder'  is  probably  due 
chiefly  to  loss  of  fat. 


The  average  for  the  brain  in  the  acute  inanition  series  (table 
1)  is  1.18  per  cent  of  the  body  weight.  By  means  of  the  tables 
and  curves  constructed  by  Donaldson  ('09),  the  (theoretical) 
normal  weight  of  Mie  brain  can  be  derived,  corresponding  to  any 
given  body  weight.  This  gives  an  average  of  0.78  per  cent  for 
the  assumed  normal  weight  of  the  brain  at  the  beginning  of  the 
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experiment  (gross  body  weight,  244  grams).  Since  the  average 
loss  in  body  weight  dwing  the  inanition  period  is  one-third,  it  is 
evident  that  the  brain  has  lost  but  Uttle  if  any  in  absolute  weight. 

The  theoretical  average  initial  absolute  wei^t  of  the  brain  is 
about  1.902  grams,  forming  0.78  per  cent  of  the  (gross)  body 
weight  (Donaldson  '09).  According  to  Donaldson's  ('08)  table  1, 
the  brain  weight  observed  in  six  cases  averaged  1.900  grams,  the 
theoretical  being  1.905  grams,  at  the  body  weight  of  245  grams. 
If  this  absolute  weight  of  the  brain  remained  constant,  while  the 
body  wei^t  lost  one-third  (33.9  per  cent),  the  final  percentage 
weight  of  the  brain  would  be  increased  about  one-half,  or  to 
1.17  per  cent.  The  average  absolute  weight  of  the  brain  actually 
observed  at  the  end  of  the  period  of  acute  inanition  is  1.8046 
grams,  correspondli^  to  an  average  of  1.18  per  cent  of  the  (net) 
body  weight.*  This  weight  is  slightly  less  than  would  be  expected 
if  the  brain  remained  constant  in  absolute  weight,  indicating  a 
loss  of  about  5.1  per  cent  in  the  absolute  weight  of  the  brain 
during  inanition. 

The  observations  upon  the  brain  in  chronic  inanition  (table  3) 
indicate  a  similar  condition.  The  average  brain  in  this  series 
weighs  1.743  grams  and  forms  an  average  of  1.33  per  cent  of  the 
(net)  body  weight.  (This  is  the  mean  of  the  individual  percent- 
ages; 1.743  grams  would  form  1.31  per  cent  of  the  average  net 
body  weight,  132.5  grams;  or  1.28  per  cent  of  the  averse  cor- 
responding gross  body  weight,  136  grams.)  According  to  calcu- 
lations from  Donaldson's  ('09)  data,  the  average  brain  corre- 
sponding to  the  body  weight  at  the  beginning  of  the  experiment 
(213.7  grams)  should  weigh  1.866  grams,  forming  about  0.87  per 
cent  of  the  body  weight  (the  percental  being  higher  than  in  the 
acute  inanition  series  on  account  of  the  smaller  average  body 
weight).*  This  is  slightly  higher  than  the  result  to  be  expected 
on  the  assumption  that  the  absolute  brain  weight  has  remained 

'  This  ta  the  mean  of  the  individual  percentages,  aa  ehown  in  table  3.  The 
average  brain  weight,  1.8046  grams,  would  correspond  to  1.13  per  cent  of  the  cor- 
responding average  gross  body  weight,  160  grams,  at  the  end  of  the  experiment. 

*  According  to  Donaldsoo's  ('OS)  table  1,  correspooding  to  a  body  weight  of 
2Io  grams,  the  average  of  8  brains,  both  sexes,  was  1.873  grams,  the  corresponding 
theoretical  weight  by  formula  being  I.S71  grams. 
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constant,  while  the  body  weight  has  decreased  about  one-third 
(36.1  per  cent).  In  other  words,  the  results  indicate  a  loss  of 
about  6.6  per  cent  in  the  absolute  weight  of  the  brain  during 
chronic  inanition,  which  is  slightly  greater  than  the  apparent  loss 
(5.1  per  cent)  during  acute  inanition.  A  larger  series  of  observa- 
tions would  be  necessary,  however,  to  draw  any  final  conclusions 
with  precision. 

The  data  agree  fairly  well  with  the  results  of  Hatai  ('04)  who 
found  an  estimated  loss  of  about  5  per  cent  in  the  weight  of  the 
brain  of  young  rats  during  chronic  inanition.  Donaldson  ('11), 
however,  found  in  still  younger  rats  an  actual  increase  of  3.6  per 
cent  in  the  brain  weight  during  chronic  inanition  (body  weight 
held  constant  from  age  of  30  days  to  51  days) ;  while  my  own 
observations  (Jackson  '15)  indicate  little  or  no  change  in  the 
brain  weight  under  these  conditions. 

It  has  long  b^n  known  that  of  all  the  organs  of  the  body, 
the  central  nervous  system  apparently  suffers  least  in  wei^t 
(if  at  all)  during  inanition.  Thus  Chossat  ('43)  found  no  loss' 
in  the  weight  of  the  brain  in  starved  pigeons,  with  loss  in  body 
weight  of  about  40  per  cent.  FaJck  ('54)  in  dogs,  and  Lasarew 
('97)  in  guinea-pigs,  found  Uttle  or  no  loss  in  the  weight  of  the 
brain  and  cord  during  inanition.  Bowin  ('80)  and  Pfeiffer  ('87) 
found  an  absolute  decrease  (but  relative  increase)  in  the  brain 
weight  of  the  rabbit.  Voit  ('66)  in  cats  found  a  decrease  of 
about  3  per  cent  in  the  weight  of  brain  and  cord;  while  the  data 
of  Sedlmair  ('99)  would  even  indicate  an  actual  ijicrease  in  their 
weight  during  starvation.  Data  from  a  series  of  steers  slaugh- 
tered in  the  Missouri  Agricultural  Experiment  Station  show  that 
the  absolute  weight  of  the  brain  and  cord  in  thin  animals  is  but 
very  slightly  less  than  in  very  fat  animals  with  nearly  double  the 

*  Since  ChoBsat'a  results  are  often  misquoted,  it  may  be  noted  that  he  found 
the  average  weight  of  the  brain  almost  identical  in  the  S  starved  pigeons  and 
in  8  controls  of  nearly  the  same  (initial)  bod^  weight;  (brain  weight  average 
2.27  grams  for  starved;  2.25  grams  for  ^corresponding  controls).  On  account  of 
the  difficulty  in  determining  the  exact  plane  of  separation  between  the  brain 
and  spinal  cord,  however,  Chossat  preferred  to  combine  their  weights,  thus  giving 
a  slight  decrease  (about  1.9  per  cent)  in  the  absolute  weight  of  the  entire  central 
nervous  system  during  inanition. 


Digitized  by  Google 


94  C.   M.   JACKSON 

body  weight.  The  relative  (percentage)  weight  is  of  course 
correspondingly  higher  in  the  thin  animals. 

In  young  animals  during  the  period  of  active  growth,  the  re- 
sults of  inanition  (especially  chronic  inanition)  are  in  general 
somewhat  different  from  those  in  adults,  since  the  tendency  of 
the  organs  to  maintenance  is  in  the  young  animal  complicated 
by  the  growth  impulse  (Jackson  '15).  Bechterew  ('95)  found  a 
slight  apparent  loss  in  the  absolute  weight  of  the  brain  and 
spinal  cord  of  the  newborn  cat  and  dog  during  acute  inanition. 
Hatai  ('04)  found  in  a  series  of  young  albino  rats  subjected  to 
chronic  inanition  for  21  days  an  estimated  average  loss  of  about 
5  per  cent  in  the  absolute  weight  of  the  brain.  Later  (Hatai 
'08)  in  another  group  of  young  rats  in  whieli  growth  had  been 
retarded  by  underfeeding,  he  found  that  in  these  stunted  ani- 
mals the  brain  and  cord  had  a  weight  approximately  normal 
for  the  corresponding  body  weight.  Donaldson  ('11),  in  still 
younger  rats  held  at  nearly  constant  body  weight  by  under- 
feeding from  age  of  30  days  to  51  days,  finds  an  apparent  in- 
crease of  3.6  per  cent  in  the  weight  of  the  brain.  My  own  obser- 
vations (Jackson  '15),  however,  indicate  little  or  no  change  in 
the  weight  of  the  brain  under  these  conditions. 

On  the  whole  it  appears  that  in  adults  inanition,  both  acute  and 
chronic,  produces  a  slight  loss  in  the  absolute  weight  of  the 
brain.  In  young,  rapidly  growing  animals,  however,  it  is  doubt- 
ful whether  any  such  loss  occurs,  especially  n  chronic  inanition, 
where  there  is  even  a  possible  increase  in  brain  weight. 

SPINAL  CORD 

The  spinal  cord  in  the  acute  inanition  series  (table  3)  has 
an  average  weight  of  0.631  gram  and  forms  an  average  of  0.41 
per  cent  of  the  body  weight.  Calculations  from  Donaldson's 
('09)  data  indicate  that  at  the  average  initial  gross  body  weight 
(244  grams)  the  spinal  cord  should  weight  0.625  gram,  forming 
0.26  per  cent  of  the  body  weight.  The  data  would  therefore 
seem  to  indicate  not  only  no  loss,  but  even  a  very  slight  gain 
of  the  spinal  cord  in  absolute  weight  during  the  period  of  acute 
inanition.     In  an  earlier  paper,  Donaldson  ('08)  in  table  4  gives 
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the  average  weight  of  the  spinal  cord  (at  body  weight  of  245 
grams)  as  0.630  gram  in  2  males,  and  0.640  gram  in  4  females. 
On  the  whole,  therefore,  we  may  conclude  that  the  spinal  cord 
during  acute  inanition  undergoes  little  or  no  ciiange  in  weight. 
Individmd  variations  make  comparisons  with  controls  more  or  less 
uifcertain,  especially  in  a  relatively  small  series  of  observations. 

A  somewhat  different  result  is  found  in  the  chronic  inanition 
series.  Donaldson's  ('09)  data  would  indicate  that  the  spinal 
cord  in  body  weights  corresponding  to  the  average  initial  weight 
(214  grams)  of  this  series  would  form  an  average  weight  of  0.593 
gram  or  0.28  per  cent  of  the  body  weight.  In  an  earlier  paper, 
Donaldson  ('08)  in  table  4  gives  the  weight  of  the  spinal  cord 
(at  body  weight  of  215  grams)  as  averaging  0.590  gram  in  5 
males,  and  0.630  gram  in  3  females  (corresponding  theoretical 
weight  by  formula  being  0.593  gram,  sexes  combined).  The 
actual  weight  of  the  cord  found  at  the  end  of  the  inanition  period 
averages  0.569  gram,  or  about  0.43  per  cent  of  the  body  weight. 
This  would  indicate  a  loss  of  about  4  per  cent  in  the  absolute 
weight  of  the  spinal  cord  during  chronic  inanition.  Thus  in  the 
spinal  cord,  as  in  the  brain,  there  appears  to  be  in  the  adult  rat 
a  tendency  to  greater  loss  in  chronic  than  in  acute  inanition. 
In  the  young  rat,  however,  this  tendency  is  more  than  counter- 
balanced by  the  growth  impulse,  so  that  the  spinal  cord  may 
gain  in  weight  while  the  body  weight  is  held  constant  (Donald- 
son '11;  Jackson  '15). 

.In  any  event,  however,  it  is  evident  that  the  adult  spinal 
cord,  like  the  brain,  shows  but  very  slight  if  any  loss  in  abso- 
lute weight  during  inanition,  thus  increasing  markedly  in  rela- 
tive (percentage)  weight.  This  is  in  general  agreement  with 
the  observations  of  Chossat  ('43),  Falck  ('54),  Lasarew  ('97), 
Sedlmair  ('99),  Voit  ('66),  and  Bechterew  ('95)  previously  men- 
tioned in  the  discussion  of  the  brain. 


The  eyeballs  in  the  acute  inanition  series  (table  3)  form  an 
average  of  about  0.19  per  cent  of  the  body  weight.  In  normal 
rats  corresponding  to  their  initial  body  weight,  the  average 
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should  be  about  0.12  per  cent  (Jackson  '13).  Since  the  body 
weight  has  decreased  about  one-third  (average  33.9  per  cent)  it 
is  evident  that  the  eyeballs  must  have  remained  nearly  sta- 
tionary in  absolute  weight,  thus  increasing  their  relative  (per- 
centage) weight  by  about  one-half.  In  terms  of  absolute  weight, 
there  would  appear  to  be  a  reduction  from  0.298  gram  (the 
theoretical  weight  corresponding  to  the  initial  body  weight  of  244 
grams,  according  to  Hatai  '13)  to  0.285  gram,  the  final  average 
weight  of  the  eyeballs  (table  3).  This  would  indicate  a  loss  of 
4.4  per  cent. 

A  similar  condition  is  found  in  the  chronic  inanition  series. 
The  eyeballs  here  form  an  average  of  about  0.20  per  cent  of  the 
body  weight,  while  the  normal  for  the  initial  body  weight  aver- 
^es  about  0.13  per  cent.  (The  higher  figures  in  the  chronic  in- 
anition series  are  due  to  the  smaller  initial  body  weight  in  this 
series.)  Thus  it  is  evident  that,  with  a  loss  of  about  one-third 
(average  36.1  per  cent)  in  the  body  weight  during  inanition,  the 
absolute  weight  of  the  eyeballs  has  changed  but  Uttle.  In  terms 
of  absolute  weight  there  would  appear  to  be  a  reduction  from 
about  0.280  gram  (the  theoretical  weight  corresponding  to  the 
average  initial  body  weight  of  214  grams,  according  to  Hatai 
•  '13)  to  0.2638  gram,  the  final  average  weight  of  the  eyeballs 
(talle  3).  This  would  correspond  to  a  loss  of  5.8  per  cent  in 
the  weight  of  the  eyeballs  during  chronic  inanition. 

That  the  eyeballs  lose  Uttle  or  nothing  in  absolute  weight 
during  inanition,  increasing  proportionately  in  relative  (per- 
centage) weight,  is  also  indicated  by  the  data  of  Faick  ('64) 
for  the  dog,  and  Sedlmair  ('99)  for  the  cat.  Bitsch  ('95)  finds 
the  (absolute)  weight  of  the  eyeballs  in  the  dog  usually  increased 
during  inanition,  which  he  suggested  may  be  due  to  oedema. 

THYEOID  GLAND 

The  thyroid  gland  in  the  acute  inanition  series  (table  3)  forms 
an  average  of  0.023  per  cent  of  the  body  weight.  The  normal 
for  the  initial  body  weights  would  average  about  0.015  per  cent 
(Jackson  '13).  Since  the  body  weight  has  been  reduced  one-third 
during  inanition,  this  would  indicate  that  there  has  been  no 
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loss  in  the  absolute  weight  of  the  thyroid  gland.  In  tenns  of 
absolute  weight,  the  thyroid  gland  after  acute  inanition  aver- 
ages 0.0380  gram,  which  is  almost  identical  with  the  theoretical 
weight  corresponding  to  the  average  initial  body  weight  of  244 
grams  (Hatai  '13). 

The  results  in  chronic  inanition  are  somewhat  different.  Here 
the  thyroid  gland  forms  an  average  of  about  0.020  per  cent  of 
the  body  weight,  the  normal  for  the  corresponding  initial  body 
weights  being  about  0.016  per  cent.  In  this  case  the  thyroid 
gland  has  apparently  lost  weight  during  chronic  inanition,  though 
relatively  less  than  the  body  as  a  whole.  According  to  Hatai 
('13)  the  weight  of  the  thyroid  gland  corresponding  to  the  aver- 
age initial  body  weight  of  214  grams  would  be  about  0.034 
gram.  The  final  absolute  weight  averages  0.0266  gram,  indi- 
cating a  loss  of  about  21.8  per  cent  in  chronic  inanition. 

On  account  of  the  variability  of  the  thyroid  gland,  however, 
and  the  difficulty  in  dissecting  it  out  accurately,  no  final  con- 
clusions can  be  drawn  from  the  limited  number  of  observations 
at  hand.  As  in  the  case  of  the  brain,  spinal  cord  and  eyeballs, 
however,  there  appears  to  be  a  greater  tendency  to  loss  in  weight 
of  the  thyroid  gland  during  chronic  inanition. 

Excepting  the  observations  by  Falck  ('54),  indicating  no 
change  in  the  relative  (percentage)  weight  of  the  thyroid  gland 
during  inanition  in  the  dog,  no  data  on  this  subject  have  been 
found  in  the  Uterature.  Traina  ('04)  cites  data,  however,  upon 
the  histological  changes. 


It  is  aheady  known  that  the  thymus  in  the  albino  rat  nor- 
mally undergoes  a  diminution  in  weight  (due  to  age  involution) 
after  the  age  of  10  weeks  (Jackson  '13)  or  more  precisely  85  days 
(Hatai  '14).  At  the  age  of  one  year,  it  forms  normally  about 
0.020  per  cent  of  the  body  (Jackson).  The  thymus  in  the  pres- 
ent acute  inanition  series  forms  an  average  of  about  0.020  per 
cent  of  the  body  weight,  wliile  in  the  chronic  inanition  series 
the  average  is  0.021  per  cent  (table  3).  The  age  of  the  rats 
used  in  the  inanition  experiments  is  unknown,  but  from  the 
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body  weight  it  is  probable  that  few  of  them  were  less  than  a 
year  old.  Therefore  while  hunger  is  known  to  produce  a  marked 
involution  of  the  thymus  (Hammar),  it  is  probable  that  in  the 
present  case  the  involution  had  already  been  produced  by  age, 
and  was  not  caused  by  inanition.  According  to  Jonson  ('09),  in 
young  rabbits  the  weight  curves  of  fat  and  thymus  are  similar 
in  chronic  inanition,  but  the  fat  decreases  somewhat  more  rapidly 
in  acute  inanition. 

HEART 

The  heart  in  the  acute  inanition  series  forms  an  avera^  of 
about  0.43  per  cent  of  the  body  weight,  and  about  0,42  per  cent 
in  the  chronic  inanition  series  (table  3).  The  normal  for  cor- 
responding initial  body  weights  would  average  about  0,43  per 
cent  (Jackson  '13)  or  about  0.38  per  cent,  according  to  Hatai'g 
('13)  data.  Thus  it  is  evident  that  the  heart  during  inanition 
has  lost  weight  nearly  in  the  same  proportion  as  the  whole  body. 

Using  Hatai's  ('13)  curves  to  detenniae  the  normal  at  corre- 
sponding initial  body  weights,  the  absolute  weight  of  the  heart 
apparently  decreases  from  about  0.925  to  0.6687  gram  (loss  of 
27.7  per  cent)  in  the  acute  inanition  series;  and  from  about 
0.830  to  0.5577  gram  (loss  of  32.8  per  cent)  in  the  ebronie  inani- 
tion series.  As  in  the  case  of  the  viscera  previously  considered, 
the  loss  is  apparently  sUghtly  greater  relatively  in  chronic 
inanition. 

The  statements  in  the  literature  generally  indicate  that  the 
heart  during  inanition  loses  somewhat  less  in  weight  than  the 
body  as  a  whole,  and  increases  accordingly  in  relative  (per- 
centage) weight.  This  would  appear  to  be  the  case  in  man 
(Aschoff  '11;  Lustig  '02),  cat  (Voit  '66;  Sedlmair  '99),  new- 
bom  kitten  (v.  Bechterew  '95)  dog  (Falck  '54),  guinea-pig  (Lasa^  . 
rew  '97),  rabbit  (Bowin  '80),  and  in  thin  compared  with  fat 
steers  (data  from  Missouri  Agricultural  Experiment  Station). 
The  data  of  Chossat  ('43)  for  pigeons,  however,  would  indicate  a 
reduction  in  heart  weight  relatively  sUghtly  greater  than  in  the 
body  as  a  whole. 
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The  lungs  of  the  rat  are  quite  variable  in  weight,  owing  to 
the  frequency  of  infection,  which  may  affect  their  weight  even 
when  the  lesions  are  slight.  The  averse  for  the  lungs  in  the 
acute  Inanition  series  is  0,61  per  cent  of  the  body  weight,  Mid 
0.55  per  cent  in  the  chronic  inanition  series  (table  3).  Since 
the  normal  lungs  corresponding  to  the  average  initial  body 
weight  form  an  average  of  about  0.60  per  cent  (Jackson  '13),  it 
appears  (although  the  evidence  is  insufficient  for  final  conclusions) 
that  during  inanition,  both  acute  and  chronic,  in  adult  albino 
rats  the  lungs  lose  in  weight  in  about  the  same  proportion  as 
the  whole  body,  their  relative  (percentage)  weight  remaining 
nearly  the  same.  Taking  the  normal  weight  of  the  lungs  at  cor- 
responding body  weights  from  Hatai's  ('13)  curve,  there  is  ap- 
parently a  decrease  from  about  1.40  to  0.968  gram  (loss  of  30.9 
per  cent)  in  the  acute  inanition  series;  and  from  about  1.24 
to  0.743  gram  (loss  of  40  per  cent)  in  the  chronic  series.  Again, 
as  in  the  case  of  the  viscera  previously  considered,  the  loss  appears 
relatively  greater  during  chronic  inanition. 

Comparatively  few  data  are  found  in  the  hterature  concerning 
the  weight  of  the  lungs  in  inanition.  In  pigeons,  Chossat  ('43) 
found  a  loss  of  22.4  per  cent  in  the  lungs,  compared  with  40 
per  cent  in  the  entire  body  weight.  Thus  their  relative  (per- 
centage) weight  is  considerably  increased,  which  was  also  ob- 
served by  Voit  ('66)  and  Sedlmair  ('99)  in  the  cat,  and  von 
Bechterew  ('95)  in  newborn  kitten.  In  the  dog,  however,  Palck's 
('54)  data  indicate  a  loss  relatively  slightly  greater  than  that 
of  the  body,  with  a  corresponding  decrease  in  percentage  weight. 


The  liver  in  the  acute  inanition  series  (table  3)  forms  an  aver- 
age of  about  2.88  per  cent  of  the  body  weight.  Since  the  normal 
for  the  corresponding  initial  body  weights  is  about  4.5  per  cent 
in  the  acute  inanition  series,  and  4.3  per  cent  in  the  chronic 
(Jackson  '13)  it  is  evident  that  the  hver  has  apparently  lost  in 
weight  relatively  more  than  the  body  as  a  whole.     In  the  chronic 
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inanition  series,  however,  the  weight  of  the  liver  is  more  vari- 
able, and  the  average  (3.98  per  cent)  is  but  little  below  the  nor- 
mal. As  the  hver  is  normally  subject  to  great  individual  varia- 
tions in  weight  (Jackson  '13),  however,  caution  should  beobserved 
in  drawing  final  conclusions. 

In  terms  of  absolute  weight,  using  my  (Jackson  '13)  data  for 
comparison,  it  appears  that  the  liver  decreases  from  about  10.98 
to  4.587  grams  (loss  of  58  per  cent)  in  the  acute  inanition  series, 
and  from  9.20  to  5.219  grams  (loss  of  43  per  cent)  in  the  chronic 
inanition  series.  It  may  also  be  remembered  that  in  the  series 
investigated  by  Hatai  ('13),  the  average  weight  of  the  normal 
liver  was  found  distinctly  higher  than  in  my  series;  and  the  loss 
in  weight,  estimated  upon  this  basis,  would  be  considerably 
greater. 

With  the  exception  of  the  adipose  tissue,  the  thymus  (in  young 
animals)  and  occasionally  the  spleen,  all  investigators  agree  that 
the  loss  of  weight  in  the  liver  is  relatively  greater  than  that  in 
any  other  organ.  Thus  the  Uver  decreases  in  relative  (per- 
centage) weight,  as  has  been  observed  in  man  (Aschoff  '11), 
\vhite  mouse  (Cesa--Biajichi  '09),  pigeon  (Chossat  '43),  rabbit 
(Pfeiffer  '87),  cat  (Voit  '66;  Sedhnair  '99),  dog  (Falck  '54), 
newborn  cat  and  dog  (v.  Bechterew  '95),  guinea-pig  (Laaa- 
rew  '97)  and  in  thin  steers,  compared  with  fat  (data  from  Missouri 
Agricultural  Experiment  Station).  While  the  loss  is  practically 
always  relatively  greater  than  in  the  body  as  a  whole,  the  amount 
of  loss  is  quite  variable. 

Since  the  loss  in  weight  of  the  Uver  (unlike  all  viscera  pre- 
viously considered)  is  relatively  greater  in  acute  inanition  it 
seems  probable  that  the  greatest  loss  occurs  during  the  earliest 
stages  of  inanition,  when  the  liver  yields  its  store  of  easily  avail- 
able food  material  (glycogen,  fat,  etc.).  Thus  Lasarew  ('97) 
found  that  during  the  early  period  of  inanition  in  the  guinea- 
pig,  while  the  body  weight  lost  10  per  cent,  the  liver  lost  18 
per  cent  of  its  weight,  or  relatively  near  y  twice  as  much.  Toward 
the  end  of  the  inanition  period,  on  the  contrary,  the  hver  appar- 
ently lost  relatively  only  half  as  much  as  the  whole  body. 
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In  the  acute  inanition  series  (table  3),  the  spleen  forms  an 
average  of  0.21  per  cent  of  the  body.  This  is  below  the  normal 
for  the  average  corresponding  initial  body  weight,  in  which  case 
the  average  is  0.27  per  cent.  In  the  chronic  inanition  series, 
however,  the  average  (0.30  per  cent)  is  slightly  higher  than 
the  normal  (Jackson  '13).  The  individuals  in  both  acute  and 
chronic  inanition,  however,  are  exceedingly  variable,  as  seen  in 
the  table.  This  is  also  true  of  the  normal  spleen,  which  is  one 
of  the  most  variable  organs  in  the  body  (Jackson  '13).  The 
number  of  observations  is  therefore  insufficient  for  final  conclu- 
sions concerning  the  effect  of  inanition  upon  the  weight  of  the 
spleen  in  the  albino  rat. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  curve  for  the 
normal,  there  is  apparently  a  decrease  in  the  weight  of  the 
spleen  from  about  0.645  to  0.3177  gram  (loss  of  51  per  cent)  in 
the  acute  inanition  series;  and  from  0.570  to  0.4056  gram  (loss 
of  29  per  cent)  in  the  chronic  series. 

That  the  spleen  loses  heavily  during  inanition,  losing  in  rela- 
tive as  well  as  absolute  weight,  has  been  found  in  man  (Aschoff 
'11;  Stschastny  '98),  pigeon  (Chossat  '43),  rabbit  (Bowin  '80), 
and  cat  (Voit  '66;  Sedlmair  '99);  while  a  decrease  less  marked 
than  in  the  whole  body  (relative  increase)  appears  in  the  dog 
(Falck  '54)  and  in  thin  steers,  compared  with  fat  (data  from 
Missouri  Agricultural  Experiment  Station).  Data  from  von 
Beehterew  ('95)  indicate  a  relative  increase  in  the  spleen  of 
newborn  kittens  during  inanition,  but  a  decrease  in  puppies. 
These  apparently  conflicting  statements  are  perhaps  to  be  ex- 
plained largely  by  the  great  variability  of  the  spleen,  making 
comparison  with  controls  uncertain.  In  addition,  however,  there 
is  the  possibility  that  the  loss  in  the  spleen  may  vary  according 
to  the  character  and  stage  of  inanition.  Thus  Lasarew  ('97)  in 
the  guinea-pig  found  the  greatest  loss  in  weight  of  the  spleen 
to  occur  in  the  middle  period  of  inanition  (second  period  of 
10  per  cent  loss  in  body  weight),  during  which  the  spleen  lost 
31  per  cent  in  weight. 
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STOMACH  AND  INTESTINES 

The  stomach  and  intestines  (including  mesentery  and  pan- 
creas) together  with  their  content  (table  3)  form  an  average  of 
about  5.2  per  cent  of  the  body  weight  in  the  acute  Inanition 
series,  and  6.3  per  cent  in  the  chronic  inanition  series.  Since 
the  average  normal  for  the  initial  body  weights  is  about  9.0 
per  cent  (Jackson  '13),  it  is  evident,  as  might  be  expected,  that 
the  stomach  and  intestines  with  contents  have  lost  weight  in 
relatively  much  greater  proportion  than  has  the  body  as  a  whole. 
The  loss  affects  not  only  the  contents,  but  the  empty  tract, 
which  has  apparently  decreased  from  about  6.0  per  cent  (nor- 
mal at  the  initial  body  weight)  of  the  body  wei^t  to  3.25  per 
cent  (acute  inanition  series)  or  3.5  per  cent  (chronic  series). 
There  is  apparently  not  much  difference  in  this  respect  between 
the  chronic  and  acute  series.  A  relatively  small  part  of  the  loss 
is  in  the  mesenteric  fat. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  curve  for 
the  normal,  there  is  apparently  a  decrease  in  the  weight  of  the 
empty  alimentary  canal  from  about  11.65  to  5.01  grams  in  the 
acute  inanition  series,  and  from  10.70  to  4.54  grams  in  the  chronic 
series.  This  would  correspond  to  a  loss  of  about  57  per  cent  in 
each  series. 

Data  in  the  literature  are  very  scarce  concerning  changes  in 
weight  of  the  alimentary  canal  during  inanition.  Accordingto 
Falck  ('54),  the  loss  appears  to  be  nearly  proportional  to  that  of 
the  entire  body  (relative  weight  increasing  from  8.4  to  8.7  per 
cent).  This  appears  to  be  true  also  for  the  cat  according  to 
Sedlmair  ('99),  although  a  much  smaller  loss  was  found  by 
Voit  ('66).  Unpublished  data  on  a  series  of  steers  (Missouri 
Agricultural  Experiment  Station)  indicate  that  the  relative 
weight  of  the  (empty)  intestines  (without  fat)  is  variable,  but 
tends  to  be  greater  in  thin  than  in  fat  animals. 
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8UPRAEENAL  GLANDS 

The  suprarenal  glands  must  be  considered  separately  in  the 
sexes  on  account  of  a  difference  in  relative  weight  (Jackson  '13). 
In  normal  rats  corresponding  to  the  initial  body  weights  of  the 
present  series,  the  average  for  the  suprarenal  glands  of  the  male 
is  about  0.17  per  cent  of  the  body  weight,  and  for  the  female 
about  0.26  per  cent.  The  four  females  of  the  acute  inanition 
series  (none  present  in  the  chronic  series)  show  an  average  of 
0.30  per  cent  of  the  body  weight  (table  3),  but  the  number  is 
too  small  for  definite  conclusions.  The  males  show  an  increase 
(from  0.17  per  cent)  to  an  average  of  0.25  per  cent  in  both  acute 
and  chronic  inanition  series  (table  3).  It  would  therefore  ap- 
pear that  the  loss  in  absolute  weight  has  been  less  than  in  the 
body  as  a  whole  in  the  female  with  Uttle  or  no  loss  in  the  male. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  curve  for 
the  normal,  it  appears  that  in  the  male  rat  the  suprarenals  have 
iTicreased  from  about  0.0390  to  0.0396  grains  (gain  of  1.5  per 
cent)  in  the  acute  inanition  series;  and  decreased  from  about 
0.0360  to  0.0328  grams  {loss  of  8.9  per  cent)  in  the  chronic 
series.  The  apparent  increase  during  acute  inanition  is  prob- 
ably not  significant .  A  larger  number  of  observations  is  necessarj'- 
to  determine  the  matter. 

No  data  concerning  the  weight  of  the  suprarenal  glands  dur- 
ing inanition  have  been  found  in  the  Uterature,  although  Traina 
('04)  cites  several  investigations  on  the  histological  changes. 


The  kidneys  (table  3)  in  the  acute  inanition  series  form  an 
average  of  0.97  per  cent  of  the  body  weight  and  in  the  chronic 
series  1.00  per  cent.  According  to  Jackson  ('13)  the  normal 
for  the  initial  body  weights  would  average  about  0.95  per  cent 
(although  Hatai's  data  would  place  it  at  about  0.84  per  cent). 
It  therefore  appears  that  the  kidneys  have  lost  weight  to  nearly 
the  same  extent  relatively  as  the  body  in  general,  thus  gaining 
but  slightly  in  relative  (percentage)  weight. 
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If  Hatai's  ('13)  curve  be  taken  as  the  normal,  in  absolute 
weight  the  kidneys  would  apparently  decrease  from  about  2.04 
to  1.520  grains  (a  loss  of  25.5  per  cent)  during  acute  inanition; 
and  from  1.80  to  1.317  grams  (a  loss  of  26.8  per  cent)  in  the 
chronic  inanition  series.  If  my  data  indicating  a  higher  normal 
were  taken,  the  loss  would  be  correspondingly  greater. 

Considering  the  importance  of  the  kidneys,  there  is  in  the 
literature  a  surprising  lack  of  data  concerning  their  weight  dur- 
ing inanition.  That  they  lose  in  weight  relatively  somewhat 
less  than  the  body  as  a  whole  (thus  gaining  in  percentage  we^ht) 
is  indicated  in  the  pigeon  (Chossat  '43),  cat  (Voit  '66)  and  dog 
(Falck  '54).  There  appears  also  a  sli^t  relative  increase  in 
the  kidney  weight  of  thin  steers  compared  with  fat  (data  from 
Missouri  Agricultural  Experiment  Station).  On  the  other  hand, 
Sedlmair's  ('99)  data  for  starved  cats  indicate  no  change  in 
relative  (percentage)  weight  in  one  case  and  a  slight  decrease  in 
another. 

GONADS 

a.  Female.  The  two  observations  recorded  for  the  weight  of 
the  ovaries,  0.051  per  cent  and  0.033  per  cent  of  the  body  weight 
are  both  above  the  normal  average  (0.025  per  cent),  but  are  of 
course  entirely  too  few  to  be  significant. 

b.  Male.  At  the  age  of  one  year  (body  weight,  210  grams) 
the  normal  testes  and  epididymi  form  an  average  of  about  1.20 
per  cent  of  the  body  weight,  of  which  approximately  one-fourth 
(0.30  per  cent)  belongs  to  the  epididymi,  and  three-fourths  (0.90 
per  cent)  to  the  testis  (Jackson  '13).  Hatai's  ('13)  data  would 
put  the  testis  a  little  higher  (about  1.05  per  cent).  In  the  acute 
inanition  series  (table  3)  the  average  relative  weight  for  the 
testes  is  1.12  per  cent,  and  for  the  epididymi  is  0.39  per  cent 
of  the  body  weight.  In  the  chronic  series,  the  average  for  the 
testes  is  1.02  per  cent,  and  for  the  epididymi  0.33  per  cent. 
It  would  therefore  appear  that  during  inanition  the  loss  in 
weight  of  both  testes  and  epididymi  is  relatively  not  very  dif- 
ferent from  that  in  the  body  as  a  whole,  and  is  (like  that  of  the 
majority  of  the  viscera)  more  marked  in  chronic  than  in  acute 
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inanition.  On  account  of  the  variability  of  these  organs,  however, 
more  data  are  needed  before  final  conclusions  can  be  justified. 

In  terms  of  absolute  weight,  taking  Hatai's  ('13)  data  for  the 
normal  at  the  initial  body  weight,  the  testis  would  appear  to 
decrease  from  2.50  to  1.756  grams  (a  loss  of  29.8  per  cent)  in 
the  acute  inanition  series;  and  from  2.27  to  1.355  grams  (a  toss 
of  40.3  per  cent)  in  the  chronic  inanition  series. 

Although  numerous  investigations  have  been  made  upon  the 
■  histological  changes  in  the  gonads  during  inanition  (Traina  '04), 
the  only  observations  found  concerning  their  weight  are  that  by 
Falck  ('54)  showing  the  relative  (percentage)  weight  of  the  testis 
in  the  dog  to  remain  apparently  imchanged,  and  that  by  (Voit 
'i)6)  showing  a  relative  decrease  in  the  testis  of  the  cat. 

HYPOPHYSIS 

In  the  case  of  the  hypophysis,  as  with  the  suprarenal  glands, 
there  is  normally  a  sexual  difference  to  be  considered  (Hatai  '13). 
When  the  data  in  table  3  are  compared  with  Hatai's  chart  10, 
it  will  be  foimd  that  the  absolute  weights  of  the  hypophysis, 
in  both  acute  and  chronic  inanition,  correspond  fairly  well  with 
those  of  the  normal  gland  at  the  final  body  weight.  That  is, 
the  weight  of  the  hypophysis  during  inanition  has  apparently 
decreased  in  nearly  the  same  proportion  as  the  whole  body,  so 
the  relative  weight  is  but  little  changed.  As  calculated  from 
Hatai's  data,  the  (male)  hypophysis  would  form  about  0.0036 
per  cent  of  the  body  at  the  average  initial  body  weight,  as  com- 
pared with  0.0043  per  cent  found  in  the  acute  inanition  series, 
and  0.0045  per  cent  in  the  chronic  series. 

In  terms  of  absolute  weight,  the  (male)  hypophysis  has  ap- 
parently decreased  from  about  0.0093  to  0.0069  gram,  the  aver- 
age of  the  acute  inanition  series  (loss  of  26.1  per  cent);  and  from 
0.0079  to  0.0059  gram  (loss  of  25.3  per  cent)  in  the  chronic 
inanition  series.  A  larger  number  of  observations  would  of  course 
be  necessary  to  determine  the  result  with  precision. 

No  data  have  been  found  in  the  literature  concerning  the 
weight  of  the  hypophysis  during  inanition. 
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DISCUSSION 


The  changes  in  the  average  relative  weights  of  the  various 
oi^ans  and  systems  as  a  result  of  inaDition  in  the  adult  albino 
rat  are  summarized  in  table  2. 

While  no  great  emphasis  can  be  laid  upon  the  exactness  of  the 
figures  shown  in  table  2,  it  is  evident  that  with  respect  to  rela- 
tive loss  in  weight  during  inanition,  the  organs  may  be  divided 
into  three  groups.  In  the  first  group,  which  includes  the  supra- 
renals,  thyroid,  skeleton,  eyeballs,  spinal  cord  and  brain,  and 
thymus,  there  is  but  little  (if  any)  loss  in  absolute  weight  during 
inailition,  and  a  corresponding  increase  in  relative  (percentage) 
weight.    In  general,  there  is  a  relatively  greater  loss  during  chronic 


Suprarcnals  1 

(niale) 0,0170  0.0220'  0,0260  +1  .hCf)    •     -8-9 

Thymus 0.0200  0.0200'  0,0210          Of?)  0(?) 

Thyroid  gland. , .  0.0150(0,016)  0.023o!  0.0200         0(?)  -21,8 

Spinalcord 0,2500(0,290)  0.40001  0,4300,        0(?)  -4,0 

Ligamenloua  : 

skeleton 10,0000  15.0000:  16,4000  -0.4  +1.8(?) 

Eyeballs 0.1200(0.130)  0.1900  0,2000:  -4.4  -5.8 

Brain 0.7800(0,870)    '      1.1700  1.3300;  -5.1  -6.6 

Kidneys 0.9500  0.960ft  1 .0000  -25.5  -26.8 

HypophyaiH 0.0036  0.0043!  0.0045  -26.1  -25.3 

Heart 0.4300  0,4400  0.4200  -27.7  -32.8 

Testes 0.9000  1 .0600  1 .0100  -29.8  -40,3 

Lungs 0.6000  0,6100  0,5500  -30,9        .    -40.0 

Musculature 45.0000  47,5000:  43,0000|  -30.9  -40,8 

Integument 18,0000  19,1000,  17,8000  -31,2  -38,5 

Wkolebody 100.0000  iOO .0000  100 .0000'  -SS.9  ~S6 .1 

Spleen 0.2700  0.2100]  0.3100  -51.0         |    -29.0 

Stomach — in  tea- 
tinea 6,0000  3.4000  3,ii000  -57.0  -57,0 

Liver 4.5000  3.1000  4.0000  -58.0  -43.0 
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inanition,  which  is  especially  marked  in  the  case  of  the  thyroid 
gland.  The  thymus,  having  already  undergone  age  involution,  is 
affected  but  slightly,  if  at  all. 

In  the  second  group,  which  includes  the  kidneys,  hypophysis, 
heart,  testes,  lungs,  musculature  and  integument,  the  loss  in  abso- 
lute weight  during  inanition  is  more  nearly  in  proportion  to  that 
of  the  whole  body,  so  their  relative  (percentage)  weight  is  usually 
not  greatly  changed.  In  all  except  the  hypophysis,  however,  the 
loss  is  relatively  greater  during  chronic  inanition.  Especially 
the  lungs,  testes,  integument  and  musculature  appear  to  lose 
markedly  during  chronic  inanition. 

In  the  third  group,  including  the  spleen,  liver  and  alimentary 
canal,  the  loss  in  absolute  weight  is  relatively  much  greater  than 
in  the  body  as  a  whole,  so  they  decrease  in  relative  as  well  as  in 
absolute  weight.  The  liver  and  spleen  are  exceptional,  however, 
in  that  their  loss  is  apparently  relatively  greater  in  acute  than  in 
chronic  inanition.  In  fact,  in  chronic  inanition  the  spleen  ap- 
parently belongs  with  the  second  group. 

The  variability  of  the  organs  as  to  loss  of  weight  during  inani- 
tion has  been  explained  in  two  ways:  Manassein  ('69)  noted  that 
those  organs  which  are  most  active  in  the  organism  lose  least 
during  inanition.  A  more  rational  explanation  is  that  of  Pas- 
chutin  ('81),  according  to  whom  the  various  organs  lose  in  pro- 
portion to  their  storage  content  of  available  food  supply.  The 
various  proteids,  fats  and  carbohydrates  are  dissolved  and  carried 
away  by  the  circulation  at  different  times  and  with  different  de- 
grees of  rapidity.  Thus  the  variability  in  the  loss  of  weight  in 
different  organs  and  in  different  types  of  inanition  would  be 
ultimately  explained  primarily  upon  a  chemical  basis. 

SUMMARY 

The  principal  results  of  the  present  paper  may  be  briefly  sum- 
marized as  follows: 

1.  During  both  acute  and  chronic  inanition  there  is  apparently 
a  slight  increase  in  the  ratio  of  tail  length  to  body  length.  This 
is  probably  due  to  a  decrease  in  the  trunk  length  during  inanition. 
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2.  The  head  and  fore  limbs  during  inanitioD  lose  relatively  less 
than  the  body  as  a  whole,  and  therefore  increase  in  relative  (per- 
centage) weight.  The  hiDd  limbs  nearly  maintain  their  original 
relative  weight  (slight  increase  during  acute  inanition),  while  the 
trunk  decreases  in  relative  weight. 

3.  Of  the  systems — integument,  skeleton,  musculature,  viscera 
and  'remainder' — ^the  integument  and  musculature  lose  relatively 
in  nearly  the  same  proportion  as  the  whole  body,  slightly  less 
during  acute  inanition  and  shghtly  more  during  chronic  inanition. 
The  skeleton  nearly  maintains  its  original  absolute  weight,  and 
therefore  increases  markedly  in  relative  (percentage)  weight. 
There  is  a  marked  decrease  in  the  'remainder,'  probably  due 
chiefly  to  loss  of  fat.  The  visceral  group  as  a  whole  undergoes 
little  change  in  relative  weight,  showing  a  sUght  decrease  during 
acute  inanition.  This  decrease  is  due  to  the  large  size  of  the 
liver,  which  undergoes  a  greater  loss  in  acute  than  in  chronic 
inanition.  The  majority  of  the  viscera,  on  the  other  hand, 
show  a  greater  loss  during  chronic  inanition. 

4.  As  to  relative  loss  of  weight  during  inanition,  the  individual 
viscera  may  be  divided  into  three  groups:  (1)  the  suprarenal 
glands,  thyroid  glands,  eyeballs,  spinal  cord  and  brain  lose  but 
very  httle  (if  any)  in  absolute  weight,  and  therefore  increase 
correspondingly  in  relative  (percentage)  weight.  The  thymus 
has  already  undergone  age  involution,  and  is  therefore  unaffected. 
(2)  The  kidneys,  heart,  lungs,  hypophysis  and  testes  lose  more 
nearly  in  proportion  to  the  entire  body  (in  general,  somewhat 
more  during  chronic  inanition),  and  therefore  do  not  change 
greatly  in  relative  (percentage)  weight.  (3)  The  spleen  (in  acute 
inanition),  hver  and  alimentary  canal  (both  empty  and  with  con- 
tents) lose  relatively  much  more  heavily  than  the  whole  body, 
and  therefore  decrease  in  relative  (percentage)  as  well  as  in 
absolute  weight. 
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RIOUS PARTS,  SYSTEMS  AND  ORGANS  OF  YOUNG 
ALBINO  RATS  HELD  AT  CONSTANT  BODY-WEIGHT 
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When  young,  actively  growing  animals  are  held  at  constant 
body-weight  by  underfeeding  for  considerable  periods,  one  of 
three  results  might  be  expected  a  priori  concerning  the  weights 
of  the  various  organs  and  parts.     (1)  Since  the  body-weight 


Digitized  by  Google 


100  C.   M.   JACKSON 

remains  constant,  the  weights  of  the  individual  organs  and 
parts  might  also  remain  constant.  (2)  Since  the  normal  growth 
rates  are  known  to  vary  in  the  different  organs  and  parts,  one 
might  expect  those  organs  with  the  strongest  normal  growth 
tendency  to  increase  in  weight  at  the  expense  of  the  remainder 
of  the  body.  (3)  Since,  however,  the  food-supply  available  is 
insufficient  for  both  maintenance  and  growth,  the  animals  are 
actually  in  a  condition  of  chronic  inanition;  and  changes  might 
be  expected  to  occur  corresponding  to  those  which  have  been 
observed  in  adults  during  inanition. 

A  few  observations  have  been  recorded  upon  changes  in 
young  animals  in  certain  organs  under  these  conditions,  notably 
by  Waters  ('08),  Aran  ('11  and  '14)  and  Donaldson  {'H)-  A 
more  extended  and  complete  analysis  of  the  changes  in  the 
organism  under  these  conditions  seemed  highly  desirable,  and 
therefore  the  present  investigation  was  undertaken.  The  work 
was  begxm  at  the  University  of  Missouri,  and  continued  at 
the  University  of  Minnesota  with  the  aid  of  a  special  grant  from 
the  research  fund  of  the  Graduate  School.  This  grant  was  used 
to  employ  a  research  assistant,  who  cared  for  the  animals  and 
assisted  in  the  dissections,  weighings,  calculations,  etc.  An 
abstract  of  the  present  paper  has  been  published  {Jackson  '15  b). 

MATERIAL  AND  METHODS 

The  albino  rat  (Mus  norvegicus  albinus)  was  chosen  for  use 
in  this  experiment.  It  is  a  convenient  animal  on  account  of  its 
comparatively  small  size,  rapid  growth  and  hardiness  under 
experimental  conditions.  It  is  also  practically  the  only  mammal 
whose  growth  norm  (including  variability)  for  the  whole  body 
and  for  the  various  parts,  systems  and  organs  throughout  the 
post-natal  life  cycle  is  even  approximately  known.  The  effects 
of  inanition  upon  the  adult  rat  have  also  been  worked  out  (Jack- 
son '15  a,  '15  e)  and  are  valuable  for  comparison. 

The  material  used  in  the  present  experiment  included  ten 
litters  (and  one  individual  from  an  eleventh  litter)  as  shown  in 
table  1. 
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TABLE  1 

Lilters  used  in  experiments 


T.^- 

,O..C. 

«^™trK« 

;'Si:,^r: 

..r.z^Zo. 

~ 

"Z^J^ 

hi... 

Misaouri 

flM. 

Uf. 

IM,  1 

3F    / 

3-6  wks. 

1  F, 

6  wka. 

L2... 

/3M. 
I2F. 

IM.  1 
IF.  / 

6-32  wks. 

2M.  \ 
1  F. 

32  WkB. 

L  3. . . 

f4M. 
I2F. 

2M.  \ 
IF.  / 

10-35  wks. 

IM. 

2F. 

35  wks. 

S5... 

Minneapolis 

f3M. 
IsF. 

fl  M.  \ 

3-8  wkfl. 
3-10  wks. 

IM. 

1  F. 
IM. 

3  wks. 
10  wks. 

S6... 

/2M. 
\4F. 

if:] 

3-10  wkB. 

IM. 
1  F. 

10  wks. 

S7-.. 

f4M. 

\2F. 

3M.  \ 
IF.  1 

3-10  wks. 

1M.\ 
IF.  1 

3  WkB. 

Sll., 

(■2M. 

1  M.  \ 

2F.  / 

3-10  wks. 

1  M.  1 
IF.  / 
1  F. 

3  wks. 
10  wks. 

S  12.. 
SIO.. 

/5M. 
\3F. 
flM. 
l2  F. 

f4M. 
\4F. 

3  M.  \ 
3F.   / 
1  F. 

3-10  wks. 
3-16  WkB, 

flM. 

\  1  M. 
flM.-l 
Itl---  / 

3  whs. 
10  wks. 

3  WkH. 

28,,.. 

2M.  \ 
2F.  1 
1  F. 

3-6  WkB. 
3-8  wkH. 

(IM,  1 

or.) 

'iM. 

3  wks. 
6  wks. 

22. . . , 

1  F. 

1  F. 

3-13  WkB. 

Tolul 

29  M. 
36  F. 

15  M. 

25  F. 

13  M, 
12  F. 

As  noted  in  this  table,  three  of  the  litters  are  from  the  rat 
colony  at  the  University  of  Missouri,  and  the  remainder  from  a 
local  colony  at  the  University  of  Minnesota.  There  are  in- 
cluded twenty-nine  males  and  thirty-six  females,  a  total  of  sixty- 
five.  In  addition,  two  rats  not  listed  in  tables  1  and  2  were 
used  as  additional  controls  at  three  weeks  m  the  study  of  the 
skeleton  (table  7). 

In  most  cases,  the  experiment  began  when  the  rats  were  three 
weeks  of  age  (time  of  weaning).     These  rats  were  held  at  con- 
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Fig,  1  I'holograph  ahowing  four  olbmo  rats  at  Ihc  ap  of  ten  wecke.  The 
larger  rats  represent  the  normal,  full-fetl  controls  The  smaller  rats  are  from 
the  same  litter,  but  have  been  held  bv  underfeeding  at  ronslint  bodi-weight 
since  the  age  of  three  weeks.  The  rats  are  pure  albinos  (Mub  nor\  egicus  albinus) 
the  dark  spot  on  the  head  of  one  being  an  artificial  mark  of  identification. 

stant  body-weight  for  varying  periods,  from  the  age  of  three 
weeks  up  to  the  age  of  six  weeks  (8  rats)  to  eight  weeks  (3),  to 
ten  weeks  (22),  to  thirteen  weeks  (1)  and  to  sixteen  weeks  (1). 
A  few  were  held  at  constant  body-weight  beginning  at  later 
periods, — from  age  of  six  weeks  to  age  of  thirty-two  weeks  (2), 
and  from  age  of  ten  weeks  to  age  of  thirty-six  weeks  (3) .  Con- 
trols (25  in  all)  were  also  killed  at  the  beginning  and  at  the  end 
of  these  time  periods.  At  ten  weeks  of  age,  the  normal  controls 
are  half-grown  rats,  sexually  mature,  of  nearly  adult  proportions. 
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and  five  or  six  times  as  heavy  as  those  held  at  constant  body- 
weight  from  the  age  of  three  weeks  {fig.  1).  In  addition,  a 
large  number  of  observations  upon  the  normal  rat  previously 
published  (by  Donaldson,  Hatai,  Jackson,  Lowrey  and  others) 
are  available  for  comparison.  Of  the  animals  used  in  this 
experiment,  the  distribution  of  sexes  is  given  in  table  1. 

In  table  2,  the  net  body-weight  {gross  body-weight,  including 
intestinal  contents,  is  slightly  higher),  of  the  animals  used  is 
indicated.  At  each  time  period  the  average  weight  {and  range) 
for  each  sex  is  given,  for  both  controls  and  test  animals  held  at 
constant  body-weight.  The  cards  containing  the  original  in- 
dividual records  for  all  animals  used  will  be  deposited  in  The 
Wistar  Institute  of  Anatomy,  where  they  may  be  consulted  if 
desired. 

The  rats  were  kept  in  ordinary  wire  cages  (with  wire-net 
bottoms,  allowing  the  feces  to  drop  through)  and  were  individu- 
ally weighed  daily  before  feeding.     Those  under  experiment 
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TABLE  2 
Is  whfii  kiUfd;  average  weight  and  range  indicated 


CONTROLS  1 

....„., 

.:x..„.«.s-r.«,»O.T 

wk™„. 

oco™»«r. 

(lontml. 

No.  ruid 

Weight  BiKlwree: 

W>i|iht  and  nin«e; 

No,  and 

TrM  animals 

3woek8.. 

JGM. 

24. -1  (10  0-32.6) 

l5  F. 

24.7  (21.1-30.4) 

Swocks,. 

/IM. 

42  3 

22.4  (20.5  23.6) 

3M.1 

3  6  weeks 

\\¥. 

42  1 

22.0(20.6-23,8) 

5  F.J 

S  Hpcks 

18-1 

21.2  (17.8-24.6) 

IM. 
2F. 

3-8  weeks 

10  weeks 

/3M. 
13  F. 

155(141-107) 
114  (109-118) 

24.7  (20.7-31.4) 
23.3  (18.5-31.0) 

8M. 
14F.  f 

3-lOHeckB 

25,5 

1  y. 

3-13  ivceks 

26.0 

1  F, 

3-16  weeks 

32  weeks. 

f2  M. 

209  (203-215) 
166 

43  7 

50,4 

:^;i 

6  32  weeks 

35  weeks , 

/IM. 
l2F. 

238 

158  (153-162) 

79.6  (73.6-8.5.5) 
74,2 

V^:} 

10-35  weeks 

Total 

13  M, 

15  M. 

12  F 

25  F. 
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were  fed  an  amount  just  sufficient  to  fiold  them  constant  at  the 
initial  body-weight.  Of  course  slight  fluctuations  in  the  gross 
weight  were  unavoidable,  but  they  rarely  exceeded  one  gram 
above  or  below  the  initial  weight.  The  food  used  was  in  all 
cases  whole  wheat  (Graham)  bread  soaked  in  whole  milk.  Pre- 
vious experience  has  shown  that,  at  least  up  to  the  age  of  one 
year,  albino  rats  thrive  and  develop  normally  upon  this  simple 
diet.     Water  ad  libitum  was  also  supplied. 

It  is  a  curious  fact  that  under  these  circumstances  the  amount 
of  food  necessary  for  maintenance  of  body-weight  apparently 
decreases  as  the  experiment  proceeds.  Thus  rats  of  about  25 
grams  gross  body-weight  when  three  weeks  of  age  at  the  begin- 
ning of  the  experiment  will  at  ordinary  room  temperature  re- 
quire about  5  grams  of  milk-soaked  bread  daily  for  maintenance. 
Later,  this  will  usually  decrease  to  an  average  of  about  3  grams 
toward  the  age  of  ten  weeks.'  This  is  the  opposite  of  what  might 
be  expected:  (!)  because  at  later  periods  the  amount  of  avail- 
able food  supply  stored  in  the  body  has  been  greatly  diminished; 
and  (2)  because  the  animals  held  at  constant  body-weight  al- 
most invariably  become  much  more  active,  requiring  a  greater 
expenditure  of  energy.  Possibly  the  smaller  amount  of  food 
required  to  maintain  the  animals  at  the  later  periods  may  be 
due  to  a  greater  absorption  of  water,  thus  maintaining  a  body- 
weight  which  would  otherwise  decline  with  the  given  amount  of 
food.     It  is  well  known  that  during  inanition  in  general  the 

'  Two  pxamplce  may  be  cited.  Six  rata  of  litter  Ko.  12  were  held  at  constant 
body-weight  (within  a  range  ot  1  gram)  from  the  age  of  three  weeks  on  June  21, 
1914,  Average  body-weight  23.6  grams,  for  seven  weeke  to  the  age  of  ten  weeks  on 
August  G,  1Q14,  at  which  time  the  average  gross  body-weight  was  23.8  grants.  The 
average  daily  food-supply  ot  whole  wheat  (Graham)  bread  soaked  in  whole  milk 
tor  the  seven  consecutive  weeks  ot  the  experiment  wae  as  follows:  5.1,  3.9,  3.7, 
3.5,  3.3,  2.7,  2.7  grams.  Similarly,  six  rats  of  litter  No.  13,  average  weight  23.1 
grams  at  three  weeks  of  age  on  June  Hft,  1914,  were  held  at  constant  weight  for  seven 
weeks  until  .August  12,  1914,  when  at  tea  weeks  of  age  their  average  gross  weight 
was  22.6  grams.  Their  average  daily  food-supply  for  the  seven  consecutive  weeks 
was  as  follows:  5.3,  5.0,  4.1,  3.9,  3.3,  3.2,  2.9  grams.  In  all  cases  water  (city 
supply,  from  the  Mississippi  river)  was  supplied  ad  libitum.  The  diminishing 
amount  of  food  necessary  for  maintenance  cannot  be  explained  as  due  to  increas- 
ing temperature,  as  this  was  fairly  constant.  Moreover,  a  similar  condition  has 
been  found  in  other  litters  at  all  seasons  of  the  year. 
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percentage  of  water-content  of  the  body  increases,  and  it  is  quite 
probable  that  during  chronic  inanition  resulting  from  main- 
tenance of  a  young,  growing  animal  at  constant  body-weight 
the  amount  of  living  protoplasm  in  the  body  decreases.  If  the 
amount  of  metabolism  is  thereby  decreased,  a  smaller  food- 
supply  would  suffice  for  maintenance. 

As  will  be  shown  later,  on  account  of  the  intensity  of  the 
growth-impulse,  especially  during  the  earlier  periods  of  inanition, 
certain  growth-changes  occur  which  require  the  expenditure  of 
energy.  It  is  possible  that  this  energy  is  supplied  by  the  excess 
of  food  above  that  required  for  maintenance  proper.  Another, 
but  less  probable,  explanation  might  be  that  during  inanition 
the  food-intake  is  in  some  way  more  economically  utilized,  a 
smaller  quantity  therefore  being  sufficient  for  maintenance. 
In  the  later  stages  of  inanition,  there  is  probably  a  decrease  in 
the  temperature  of  the  body,  which  would  therefore  require 
less  food. 

Rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  ten  weeks,  while  becoming  more  active  as  the  experiment 
proceeds,  become  at  the  same  time  less  resistant  to  cold.  They 
may  die  suddenly  if  the  room  temperature  is  lowered,  or  even 
without  any  apparent  cause.  Thus  up  to  sbcteen  weeks,  the 
longest  successful  period  in  those  beginning  at  three  weeks,  it 
becomes  increasingly  difficult  to  maintain  them  alive  at  con- 
stant body-weight.  When  the  experiment  is  begun  later,  the 
length  of  the  time  during  which  the  body-weight  can  be  held 
constant  is  considerably  increased.  Aron  {'11)  had  a  similar 
experience  with  dogs,  finding  it  necessary  after  a  time  to  feed 
sufficiently  to  increase  the  initial  body-weight  somewhat,  in 
order  to  keep  the  animals  alive.  He  explains  this  as  due  to  the 
gradual  exhaustion  of  available  food-substance  stored  in  the 
various  tissues  of  the  body. 

At  the  end  of  the  various  age-periods  of  the  experiment,  and  at 
the  beginning  and  end  for  controls,  the  rats  were  killed  by 
chloroform  and  dissected  according  to  the  technique  described 
in  previous  papers  (Jackson  and  Lowrey  '12;  Jackson  '13,  '15  c). 
The  parts,  systems  and  organs  were  carefully  weighed,  and 
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portions  preserved  for  microscopic  examination  (to  be  con- 
sidered in  a  later  paper). 

As  heretofore,  in  calculating  the  percentage  weights,  the  net 
body-weight  {gross  weight  less  intestinal  contents)  is  taken. 
The  percentage  weights  of  the  oi^ans  are  thus  slightly  higher 
than  if  calculated  upon  the  gross  body-weight. 

The  averages  given  in  the  various  tables  are  the  arithmetical 
means  of  the  corresponding  individual  observations.  In  view 
of  the  comparatively  small  number  of  obser\'ations  and  the 
known  variabiUty,  especially  of  some  of  the  organs  (cf.  Jackson 
'13),  the  data  are  insufficient  for  treatment  by  statistical  methods, 
and  the  values  are  therefore  only  fair  approximations.  They  are, 
however,  sufficiently  accurate  to  show  some  of  the  more  obvioas 
and  important  changes  in  the  young  animal  held  at  constant 
body-weight.  It  is  hoped  that  they  may  be  useful  as  prelimi- 
nary observations,  which  may  lead  to  further  and  more  extensive 
investigations  of  the  various  individual  organs.  In  general, 
the  amount  of  \'ariation  found  is  sufficient  to  necessitate  great 
caution  in  drawing  conclusions  from  a  small  number  of  observa- 
tions (sometimes  upon  a  single  animal),  as  frequently  happens 
in  experimental  work, 

LENGTHS  OF  BODY  AND  TAIL 

The  body-length  is  measured  from  the  tip  of  the  nose  to  the 
anus,  and  the  tail-length  from  the  anus  to  the  tip  of  the  tail. 
The  measurements  were  taken  immediately  after  death,  the 
body  and  tail  being  extended  by  very  slight  tension.  Measure- 
ments during  life  are  not  practicable,  although  they  might  be 
obtained  by  the  use  of  anesthetics. 

In  order  therefore  to  discern  the  changes  in  the  lengths  of 
body  and  tail  while  the  body-weight  is  held  constant,  it  was 
necessary  first  to  determine  these  measurements  on  the  normal 
animal.  For  this  purpose,  450  observations  (267  males,  183 
females)  were  available,  varying  from  newborn  to  about  400 
grams  body-weight.  Of  these,  277  (130  males,  147  females) 
were  from  the  Missouri  rats  described  in  a  previous  paper  (Jack- 
son '13),  and  25  (13  males,  12  females)  from  Minnesota.     For 
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the  remainmg  148  (124  males,  24  females)  observations  upon 
rats  from  the  colony  at  The  Wistar  Institute  in  Philadelphia, 
I  am  indebted  to  Professor  Donaldson  and  Dr.  Hatai.  A  care- 
ful examination  revealed  no  essential  differences  in  the  relations 
of  body  and  tail-lengths  according  to  the  source  of  the  rats, 
so  they  were  all  combined  into  a  single  series. 

The  general  relations  of  body  and  tail-lengths  are  evident 
from  table  3  (jiot  including  the  Wistar  data,  in  which  the  age 
was  usually  unknown). 

■  The  average  ratio  of  tail  to  body-length  in  table  3  was  obtained 
by  calculating  the  ratio  for  each  individual  separately,  and  then 
taking  the  mean  of  the  individual  ratios.  The  results  are  there- 
by somewhat  more  accurate  than  would  be  obtained  by  simply 
taking  the  ratios  of  the  average  tail  and  body-lengths,  though 
the  difference  is  not  great. 

TABLE  1 


Changes  in  ten 

thK  of  hody  a 

nd  Uiil 

... 

TICKS 

AVKRAOE  NBT 

"SiS-^- 

™",:™'- 

BODY-LESOta 

-Hi 

male     fiinak 

..,.  |„„.,. 

ir.sle     ffmale 

inalc 

|mli»|"^' 

o.  Normal  rats  (full-fed) 


Newborn  . 

lOwpcks.. 
5  to  13  mo. 


b.  Rats  under  experimerU  {body-weighl  held  eonslani) 


(from  age  of) 

3  to  6  weeks... 

.1 

4 

22  A 

22.1 

98. ( 

94.' 

72,  J 

77.^ 

0  74 

)S? 

0  78 

3  to  8  weeks... 

1 

2 

18.1 

21  2 

34.5 

92. ( 

78. ( 

80, ( 

0  S.1 

0  8T 

0.84 

3  to  10  weeks. 

8 

14 

24.1 

23.; 

105,2 

99. n 

8fi.2 

83  ,t 

0  S2 

0  8.5 

0  81 

3  to  13  weeks. 

0 

2.5,5 

91 .{ 

85. ( 

0.9; 

0  93 

3  to  16  weeks. 

0 

26, C 

90  ,t 

95,( 

ion 

lOfi 

6  to  32  weeks. 

1 

43.7 

50.5 

115. ( 

I15.( 

105, ( 

ia5,( 

0,91 

1,91 

0  91 

10  lo  35  weeks 

2 

7!). 6 

74.2 

140.0 

135.0 

117.0 

115,0 

0,84 

0,85 

0.85 

Digitized  b,  Google 


108  C,   M.   JACKSON 

Two  facts  concerning  the  relative  length  of  the  tail  in  the 
normal  albino  rat  are  apparent  from  table  3  a.  In  the  first  place, 
it  is  evident  that  at  all  ages  the  ratio  of  the  tail-ler^th  to  the 
body-length  is  slightly  greater  in  the  female  than  in  the  male; 
that  is,  the  female  is  relatively  long-tailed.  By  a  comparison 
of  the  ratios,  it  appears  that  the  tail  of  the  female  on  the  average 
is  about  4  or  5  per  cent  longer. 

In  the  second  place,  it  appears  that  the  ratio  of  tail-length  to 
body-length  increases  in  the  normal  rat  from  an  average  of  about 
0.36  at  birth  to  0.48  at  one  week,  0.66  at  three  weeks,  and  0.88 
from  the  age  of  six  weeks  upward.  That  is,  the  tail  becomes 
progressively  relatively  longer,  being  relatively  more  than  twice 
as  long  in  the  adult  as  at  birth.  The  acceleration  of  the  tail- 
growth  at  such  a  later  period  may  be  cited  as  an  instance  of 
the  general  law  of  eranio-caudal  progression  in  development 
(Jackson  '09). 

Turning  now  to  the  tail-ratio  in  the  rats  held  at  constant 
body-weight,  as  shown  in  table  3  b,  and  also  indicated  in  the 
chart  in  figure  2,  it  is  clear  that  in  rats  beginning  at  three  weeks 
of  age  there  has  been  a  very  decided  increase  in  the  tail-ratio. 
The  tail  at  this  age  evidently  continues  to  elongate,  even  though 
the  body-weight  has  been  held  constant,  so  that  the  tail-ratio 
approaches  (although  it  does  not  usually  quite  reach)  the  normal 
ratio  for  rats  of  corresponding  age  under  normal  conditions  of 
growth. 

If  we  compare  the  absolute  lengths  of  tail  and  body  in  the 
normal  rat  at  three  weeks  (table  3  a)  with  those  in  rats  held  at 
constant  body-weight  from  the  age  of  three  weeks  to  the  age 
of  six,  eight,  ten,  thirteen  and  sixteen  weeks,  it  appears  that 
there  has  also  been  a  slight  increase  in  the  absolute  length  of 
the  body.  The  increase  in  tail-length  is  considerably  greater, 
however,  so  the  tail-ratio  increases  as  above  stated. 

The  larger  number  of  rats  were  held  constant  from  the  age  of 
three  to  the  age  of  ten  weeks.  Since  the  average  body-weight 
for  the  normal  series  at  three  weeks  is  slightly  lower  than  that 
of  the  series  held  constant  to  ten  weeks  of  age,  I  have  obtained 
a  new  normal  series  of  higher  body-weight  for  direct  comparison 
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Fig.  2  Chart  showing  the  chftnge  in  the  ratioof  tail-length  to  body  (noee-aniiH) 
length  in  the  albino  rat  from  birth  to  maturity.  Malee  are  indipated  by  rounded 
dots,  females  by  X-  The  individuals  held  at  constant  body-weight  during  the 
experiment  are  encireled.  The  curve  is  drawn  through  pointa  representing  the 
means  for  (he  normal  individuala  at  various  periods,  sexes  combined. 

{by  dropping  out  the  lighter  rats  of  the  series  given  in  table 
3  a).  Thus  in  sixteen  normal  males  aged  three  weeks,  average 
net  body-weight  is  24,2  grams,  the  average  body-length  is  94.5 
mm.  and  tail-length  is  61,6  mm.  (compared  with  105.2  mm. 
body-length  and  86.2  mm.  tail-length  in  the  3  to  10  weeks  experi- 
ment). Similarly,  in  eight  normal  females  at  three  weeks,  a^^er- 
age  net  body-weight  23.2  grams,  the  average  body-length  is 
91.1  mm.,  and  tail-length  is  63.4  mm.  [compared  with  99.6  mm. 
body-length  and  83.9  mm.  tail-length  in  the  3  to  10  weeks 
experiment).  In  other  words,  while  the  body  has  increased 
about  one-tenth  in  length,  the  tail  has  increased  over  one-third, 
the  body-weight  being  held  constant  from  the  age  of  three  to 
ten  weeks. 
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In  order  to  show  more  clearly  this  change  in  the  ratio  of  tail- 
length  to  body-length,  the  individual  ratios  corresponding  to 
the  450  observations  on  rats  from  all  sources  (Including  the  148 
Wistar  rats)  were  plotted  according  to  body-weight  in  figure  2. 
As  the  sexes  are  distinguished  in  the  entries,  it  is  evident  that 
the  females  tend  to  ha^-e  a  higher  tail-ratio.  The  curve  has 
been  drawn  through  the  averages  at  various  periods  (sexes 
combined).  It  is  smoothed  free  hand,  as  the  labor  of  con- 
structing the  cur\-e  more  accurately  by  mathematical  methods 
did  not  seem  justified. 

Special  attention  is  called  to  one  apparent  discrepancy  between 
the  cur\e  in  figure  2  and  the  data  in  table  3  a.  In  the  latter,  it 
appears  that  the  tail  reaches  at  six  weeks  an  apparent  maximum 
ratio  of  0.88  (sexes  combined),  which  is  maintained  nearly  con- 
stant at  succeeding  periods.  In  the  chart,  however,  it  is  seen 
that  in  rats  abo\'e  300  grams  the  a\'erage  ratio  drops  to  nearly 
0.80.  These  heavy  rats  are  nearly  all  from  the  Wistar  series, 
and  are  all  males.  It  is  therefore  evident  that  the  drop  in  the 
tail-ratio  curve  is  in  part  due  to  the  fact  that  no  females  are 
included  in  the  higher  body-weights.  Even  taking  this  into 
account,  however,  there  is  still  a  decrease  in  the  tail-ratio  of 
the  male  from  a  maximum  of  about  0.86  or  0.87  in  rats  between 
50  and  200  grams  body-weight,  to  nearly  0.80  in  rats  above 
250  grams.  (In  7  male  rats  between  350  and  400  grams,  not 
shown  in  figure  2,  the  ratios  were  slightly  above  the  0.80  line, 
the  average  being  0.81).^ 

'  Since  the  completion  of  the  present  paper,  I  have  received,  through  the  court- 
esy of  Professor  Donaldson,  a,  manuscript  copy  of  reference  tables  compiled  at 
The  Wistar  Institute  by  formulaa  for  various  measurements  of  the  albino  rat. 
These  include  the  body-leugths  and  tail-lengths,  by  sexes,  from  newborn  to  adult. 
From  these  data  I  have  calculated  the  tail-ratios  and  find  the  result  in  general 
agreement  with  the  curve  shown  in  figure  2.  The  tail-ratios  calculated  from  the 
Wistar  tables  are  somewhat  lower,  corresponding  to  body-weights  from  30  to 
100  grams,  however.  They  also  increase  steadily,  so  that  at  body-weights  above 
200  grams  they  lie  slightly  above  the  curve  in  figure  2.  The  tail-ratio  according 
to  the  Wistar  tables  is  about  4  per  cent  higher  in  the  female  throughout,  when 
the  sexes  of  equal  body-length  or  body-weight  are  compared.  In  rats  above  300 
grams  body-weight,  the  tail-ratio  is  about  0.S6  in  the  male  and  0.89  in  the  female. 
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The  two  observations  on  rats  held  constant  from  the  age  of 
three  weeks  to  the  ages  of  thirteen  and  sixteen  weeks  would  seem 
to  indicate  a  continuation  of  the  process  of  elongation  of  the  tail, 
even  beyond  the  normal  ratio  at  corresponding  age,  but  the 
number  of  observations  is  too  small  for  definite  conclusion. 

The  number  of  animals  beginning  the  experiment  at  later 
ages,  body-weight  constant  from  age  of  six  to  age  of  thirty-two 
weeks  (2)  and  from  ten  to  thirty-five  weeks  (3),  is  also  too  small 
to  draw  any  very  positive  conclusions.  However,  so  far  as  they 
go,  they  indicate  (table  3  b;  fig.  2)  that  between  the  ages  of  six  and 
thirty-five  weeks  there  is  no  marked  change  in  the  tail-ratio  of  rats 
held  at  constant  body-weight. 

It  will  be  observed  that  also  in  the  normal  rats  between  six 
and  thirty-five  weeks  of  age  there  is  no  apparent  change  in  the 
tail-ratio,  whereas  between  three  and  six  weeks  of  age  there  is 
normally  a  decided  increase  in  the  tail-ratio.  The  lengths  of 
the  body  and  tail  are  of  course  determined  primarily  by  the 
growth  of  the  skeleton.  I  would  therefore  interpret  the  results 
concerning  the  lengths  of  tail  and  body  as  follows.  In  young, 
growing  rats  held  at  constant  body-weight,  the  body  and  tail 
tend  to  increase  so  as  to  assume  the  normal  ratio  at  corresponding 
ages.  This  is  due  to  the  fact  that,  as  will  appear  later,  the  skele- 
ton continues  to  grow  in  a  normal  manner  (though  at  a  reduced 
rate)  in  animals  held  at  constant  body-weight. 

There  is  another  possible  factor  in  causing  the  increased  tail- 
ratio  in  young,  growing  rats,  which  may  also  apply  to  the  similar 
relative  elongation  of  the  tail  found  in  adult  rats  (cf.  Jackson 
'15  c).  Professor  Donaldson  points  out  (in  a  personal  com- 
munication) that  during  inanition  there  may  be  an  arching  of 
the  spinal  column,  producing  an  actual  shortening  of  the  body- 
length.  Such  an  arching  actually  does  occur,  and  may  be  noted 
especially  in  young  rats  during  chronic  inanition.  It  is  well 
shown  in  the  stunted  rats  photographed  in  figure  1.  Of  course 
the  greater  part  of  this  longitudinal  curvature  of  the  spinal  column 
is  eliminated  by  the  slight  tension  exerted  in  order  to  straighten 
out  the  body  when  it  is  measured  after  death.     But  it  is  still 
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quite  possible  that  this  does  not  entirely  eliminate  the  shorten- 
ing of  the  column.  In  any  event,  however,  this  is  probably  a 
factor  of  minor  importance  in  altering  the  tail-ratio  durii^ 
inanition. 

Hatai  ('08)  in  a  series  of  five  'stunted'  rats  in  which  growth 
had  been  retarded  (but  not  stopped)  by  a  diet  of  starch-mixtures 
from  age  of  30  days  up  to  from  127  to  215  days  (the  final  body- 
weight  being  from  70.9  to  113.7  grams)  finds  the  average  tail- 
ratio  0.75  as  compared  with  about  0,82  in  controls.  He  notes 
that: 

The  most  conspicuous  external  differences  between  normal  and 
stunted  rats  as  shown  by  the  stunted  rats  are  in  the  length  of  the  body 
and  of  the  tail,  both  of  which  were  considerably  reduced  with  respect 
to  the  body-weight.  This  peculiar  difference,  as  is  seen  from  the  table, 
holds  true  in  every  case.  Further,  the  ratio  between  the  length  of  the 
body  and  that  of  the  tail  is  considerably  less  in  the  stunted  rats  than 
in  the  conlrol  rats.  .  .  .  Underfeeding  therefore  produces  short 
tailed  individuals. 

Recently,  however,  Dr.  Hatai  (in  a  personal  communication) 
states  that  in  other  inanition  experiments  he  has  obtained  dif- 
ferent results,  and  that  "rats  either  grown  or  kept  in  a  state  of 
chronic  inanition  (starch  feeding,  lipoid-free  ration  and  wheat 
embryo  feeding)  give  a  longer  tail "  in  agreement  with  my  results. 

Morgulis  ('11)  in  the  salamander  Diemyctylus  found  a  rela- 
tively greater  shrinkage  in  the  tail  than  in  the  body  during 
inanition;  while  Harms  ('09)  found  the  converse  to  be  true  in 
Triton. 

HEAD 

The  head  (table  4;  fig.  3)  at  three  weeks  normally  forms  an 
average  of  22.5  per  cent  of  the  body,  the  average  net  body- 
weight  being  21.2  grams.  In  the  11  controls  at  three  weeks,  the 
body-weight  (24,6  grams)  is  slightly  higher,  and  the  correspond- 
ing relative  head-weight,  20.6  per  cent,  somewhat  lower.  In 
the  rats  held  constant  from  the  age  of  three  weeks  to  the  ages  of 
sfac  and  eight  weeks,  the  average  percentage  of  the  head  (21.6 
per  cent  and  23.9  per  cent)  is  higher  than  that  of  the  controls. 
But  the  a\'erage  body-weight  in  these  groups  is  lower,  more 
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nearly  the  normal  above  cited,  so  it  is  doubtful  whether  there  is 
any  actual  increase  in  the  head-weight  (either  relative  or  absolute) 
durir^  the  experiment.  The  larger  ten  weeks  group,  however, 
is  nearly  equal  to  the  controls  in  average  body-weight,  and  shows 
an  apparent  increase  in  head-weight  from  an  average  of  5.01 
to  5.34  grams,  or  from  20.6  per  cent  to  22.7  per  cent  (table  4; 
fig.  3).  In  any  event,  however,  the  increase  in  the  head-weight 
is  slight,  and  is  not  apparent  in  the  two  rats  held  constant  from 
three  to  thirteen  and  sixteen  weeks  (average  of  the  two  is  20.6 
per  cent).  On  the  other  hand,  there  appears  to  be  a  slight 
increase  in  the  weight  of  the  head  in  the  rats  held  constant  from 
six  to  thirty-two  weeks  (15.2  to  17.7  per  cent),  and  from  ten  to 
thirty-five  (12  to  14.0  per  cent). 

On  the  whole,  therefore,  the  evidence  would  appear  to  indicate 
that  in  young  rats  held  at  constant  body-weight  for  considerable 
periods  of  time  there  is  a  slight  increase  in  the  weight  of  the  head. 
This  is  probably  due  to  the  increase  in  skeletal  weight,  which  in 
the  head  probably  overbalances  the  decrease  in  the  weight  of  the 
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Fig.  3  Diagram  repreeenting  the  average  relative  (percentage)  weigtits  or 
part«  of  the  body  (head,  extremities  and  trunk)  in  albino  rats  held  at  constant 
body-weight  from  the  age  of  three  to  ten  weeks,  and  in  controls  at  three  and  at 

ten  weeks  of  age. 
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integument;  attliough,  as  will  be  shown  later,  the  average  loss 
in  the  integument  of  the  enlire  body  is  relatively  slightly  greater 
than  the  corresponding  skeletal  increase  (fig.  4). 

In  both  acute  and  chronic  inanition  in  adult  rats  (Jackson 
'15  a,  '15  c)  the  head  increases  very  markedly  in  relative  weight, 
the  loss  in  absolute  weight  being  but  very  slight  in  comparison 
with  the  loss  in  weight  of  the  entire  body. 

EXTREMITIES  AND  TRUNK 

The  extremities  (table  5;  fig.  3)  were  separated  at  the  sho^^lder- 
joiht  and  hip-joint,  respectively.  There  is  apparently  a  slight 
decrease  in  the  relative  weight  of  the  fore-limbs  in  the  young 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks  to 
six,  eight,  ten,  thirteen  and  sixteen  weeks  of  age.  In  the  case  of 
the  rats  held  constant  from  three  to  ten  weeks,  the  apparent 
decrease  is  from  an  average  of  9.6  j>er  cent  to  8.5  per  cent.  On 
account  of  the  small  number  of  observations,  however,  and  the 
difficulty  in  separating  the  limbs  (especially  the  integument) 
in  an  absolutely  imiform  manner,  the  slight  apparent  decrease 
is  of  doubtful  significance. 

In  the  case  of  the  hind-limbs,  there  is  likewise  an  apparent 
indication  of  a  slight  decrease,  but  even  less  marked  than  in  the 
fore-limbs.  The  apparent  average  decrease  from  15.7  per  cent 
to  15.4  per  cent  of  the  body-weight  in  the  largest  group  (three  to 
ten  weeks,  is  well  within  the  limits  of  experimental  error. 

On  the  whole,  therefore,  it  is  doubtful  whether  there  is  any 
distinct  and  significant  change  in  the  weights  of  the  extremities 
in  young  rats  held  at  constant  body-weight  for  considerable 
periods.  A  slight  loss,  however,  might  be  accounted  for  by  the 
slightly  greater  loss  in  the  integument  (as  compared  with  the 
gain  by  the  skeleton) ;  especially  since  the  integument  of  the 
limbs  probably  forms  a  relatively  larger  part  of  the  lunbs  than 
the  whole  integument  does  of  the  whole  body. 

The  trunk  was  not  weighed  directly,  but  its  weight  was  cal- 
culated by  subtracting  from  the  net  body-weight  the  weight 
of  the  head  and  extremities.    From  what  has  been  said  con- 
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ceming  the  head  and  extremities,  it  follows  that  there  cannot  be 
much  change  in  the  trunk-weight,  since  the  probable  slight  in- 
crease in  the  weight  of  the  head  is  off-set  by  a  sUght  decrease  in 
the  extremities.  In  the  largest  group,  however,  held  at  constant 
body-weight  from  three  to  ten  weeks  of  age  (fig.  3),  the  trunk 
would  apparently  decrease  from  an  average  of  54.1  per  cent  to 
53.4  per  cent.  This  apparent  change  is  so  slight  as  to  be  (prob- 
ably) insignificant. 

The  results  concerning  the  parts  of  the  body  therefore  fail 
to  indicate  any  decided  change  of  proportional  weights  in  youi^ 
animals  held  for  considerable  periods  at  constant  body-weight. 
There  is  apparently  a  very  small  increase  in  the  head,  counter- 
balanced by  a  eorrespondii^  decrease  in  the  trunk  and  extremi- 
ties, but  the  change  is  so  slight  as  to  be  of  doubtful  significance. 
During  inanition  in  adult  rats,  there  is  apparently  a  relative 
increase  in  both  head  and  extremities,  counterbalanced  by  a 
relative  decrease  in  the  trunk  (Jackson  '15  a,  '  15c). 

INTEGUMEXT 

In  the  rats  held  at  constant  body-weight  from  the  age  of  three 
weeks  to  six,  eight,  ten,  thirteen  and  sixteen  weeks,  there  is  a 
very  marked  loss  in  the  weight  of  the  integument  (including 
hair  and  nails;  table  6;  fig.  4).  In  the  case  of  the  largest  (three 
to  ten  weeks)  group,  the  decrease  is  from  an  average  of  21.9 
per  cent  to  14.5  per  cent  of  the  body-weight.  In  terms  of  abso- 
lute weight,  the  decrease  is  from  5.30  grams  (5.59  grams,  less 
correction  on  account  of  difference  in  body-weight,  which  aver- 
ages 25.1  grams  at  three  weeks  and  23.8  grams  at  ten  weeks) 
to  3.41  -grams,  a  decrease  of  about  36  per  cent.  The  decrease 
would  appear  slightly  greater  if  the  difference  in  relative  wei^t 
of  the  integument  for  different  initial  body-weights  were  taken  mto 
account.  There  is  apparently  even  greater  loss  at  the  other 
ages.  It  would  appear  that  this  loss  (which  is  perhaps  chiefly 
a  loss  of  fat)  occurs  rather  early,  as  at  six  weeks  (body-weight 
held  constant  three  weeks)  the  loss  is  as  great  as  at  subsequent 
and  longer  periods. 
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n  albino  rate  heki  at  constant  body-weight  from  the  age  of  three  to  ten  weeks, 
ind  in  controls  at  three  and  at  ten  weeks  of  age. 
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In  the  rats  experimented  upon  at  later  and  longer  periods 
(ages  of  six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks) 
there  is  also  a  marked  loss  in  the  weight  of  the  skin,  though 
apparently  not  so  great  as  at  the  earlier  periods. 

This  loss  in  the  weight  of  the  integument  is  in  striking  contrast 
with  the  results  of  inanition  in  adult  rats  (Jackson  '15  a,  '15c). 
Here  the  loss  is  very  nearly  proportional  to  that  of  the  whole 
body,  so  the  integument  nearly  maintains  its  relative  (per- 
centage) weight. 

■  From  his  experiments  upon  youi^  dogs  held  at  constant  body- 
weight,  Aron  ('11,  p.  29)  states  that:  "The  skin  shows  a  sUghtiy 
higher  percentage  of  the  body-weight  in  those  animals  kept  at  a 
constant  weight  than  in  the  nonnal,  control  dogs.  These  figures 
indicate  that,  while  the  (body)  weight  was  constant,  the  skin 
increased  very  sUghtly  in  weight. "_  The  figures  cited  show  the 
skin  in  animals  held  at  nearly  constant  body-weight  to  form  (in 
four  cases)  12.2  to  14.6  per  cent  of  the  body-weight,  whereas  in 
three  corresponding  full-fed  controls  the  skin  formed  11.2  to 
13.0  per  cent.  Aron,  however,  overlooks  the  fact  that  he  is 
making  his  comparison  with  controls  at  the  end  of  the  experi- 
ment. In  order  to  judge  what  changes  have  taken  placed  during 
the  experiment,  the  comparison  must  be  with  normal  control 
animals  killed  at  the  beginning  of  the  experiment.  Aron  records 
but  one  case  which  can  be  used  for  this  purpose.  His  Dog  D 
(table  13,  Experiment  IV)  killed  at  the  age  of  40  days,  the  begin- 
nii^  of  the  experiment,  with  body-weight  of  1985  grams  shows  a 
skin-weight  of  320  grams,  or  about  16.1  per  cent  of  the  body- 
weight.  From  Aron's  own  data,  therefore,  I  would  reach  the 
opposite  conclusion,  viz.,  that  in  youi^  dogs  held  at  constant 
body-weight,  the  skin  suffers  a  marked  loss  in  weight.  This 
would  agree  with  my  results  on  rats. 


The  skeleton  (table  7;  fig.  4)  was  prepared  in  three  ways. 
The  bones,  together  with  the  cartilages,  periosteum  and  liga- 
ments, constitute  the  'ligamentous  skeleton'  (table  7  a).  The 
bones  and  cartilages,  after  removal  of  the  periosteum  and  Uga- 
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ments  by  immersion  for  about  one  hour  in  1  per  cent  aqueous 
'gold  dust  'solution  at  DCC,  constitute  the  'cartilaginous  skele- 
ton' (table  7  b).  Finally  the  cartilaginous  skeleton  dried  in 
an  oven  at  95''C.  to  constant  weight  constitutes  the  'dry  skele- 
ton' (table  7  c). 

An  examination  of  the  weight  of  the  ligamentous  skeleton 
(table  7  a)  reveals  the  striking  fact  that  while  the  body-weight 
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is  held  constant  the  skeleton  continues  to  increase  in  weight  to  a 
marked  degree.  In  the  rats  beginnii^  at  three  weeks,  there  is 
an  increase  in  the  relative  weight  of  the  ligamentous  skeleton 
from  15.7  per  cent  of  the  body  to  18.0  per  cent  at  six  weeks  and 
to  an  apparent  maximimi  of  23.7  per  cent  at  eight  weeks.  This 
latter  is  probably  an  exceptional  figure,  as  in  the  largest  group, 
at  ten  weeks,  the  average  is  21.2  per  cent  (fig.  4).  This  corre- 
sponds to  an  increase  from  an  absolute  weight  of  3.90  to  4.98 
grams,  an  increase  of  about  28  per  cent  (or  sUghtly  more,  if 
correction  be  made  for  the  difference  in  body-wei^t,  average 
24.5  grams  at  three  weeks  and  23.8  grams  at  ten  weeks).  The 
two  cases  carried  to  thirteen  and  sixteen  weeks,  respectively, 
show  a  slightly  smaller  relative  increase.  The  rats  used  at  later 
Mid  loiter  periods  (ages  of  six  to  thirty-two  weeks  and  ten  to 
thirty-five  weeks)  also  show  a  considerable  increase  in  the 
skeleton,  though  relatively  less  than  those  beginning  at  the 
earlier  period. 

The  data  for  the  cartilaginous  skeleton  (table  7  b)  similarly 
show  a  marked  increase  in  rats  held  at  constant  body-weight  for 
various  periods  beginning  at  three  weeks  of  age.  The  figures 
for  the  largest  group  (three  to  ten  weeks)  indicate  an  increase 
from  11.4  per  cent  to  14.6  per  cent  of  the  body.  In  terms  of 
absolute  weight,  the  increase  is  from  an  average  of  2.60  grams 
(body-weight  22.9  grams)  to  3.16  grams  (body-weight  22.4  grams), 
an  increase  of  about  one-fourth.  Subtracting  the  percentage 
weights  of  the  cartilaginous  skeleton  from  the  corresponding 
ligamentous  skeleton,  there  is  (for  the  three  to  ten  weeks  group) 
an  evident  increase  of  the  ligaments  and  periosteum  from  4.3 
per  cent  to  6.6  per  cent  of  the  net  body-weight.  This  would 
indicate  that  the  Ugamentous  component  of  the  skeleton  shares 
in  the  marked  growth  during  constant  body-weight. 

Professor  Donaldson  (in  a  personal  communication)  has  kindly 
supplied  a  series  of  observations  showing  that  the  cartilaginous 
skeleton  in  the  normal  rat  changes  from  a  relative  weight  of 
about  10  per  cent  of  the  body  at  20  grams  to  7.5  per  cent  at  50 
grams,  7  per  cent  at  100  grams  and  6.7  per  cent  in  rats  above 
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200  grams.  These  weights,  however,  do  not  include  the  inter- 
vertebral discs. 

The  data  for  the  dried  cartilaginous  skeleton  (table  7  c)  indi- 
cate an  even  greater  increase  in  the  dry  skeleton  of  the  rats  held 
at  constant  body-weight.  Thus  in  rats  begirming  at  three 
weeks  the  dry  substance  increases  from  3.43  per  cent  of  the  body 
weight  to  4.98  per  cent  at  six  weeks  of  i^e,  5.49  per  cent  at  eight 
weeks,  5.84  per  cent  at  ten  weeks,  6.31  per  cent  at  thirteen  weeks 
and  6.71  per  cent  at  sixteen  weeks. 

Since  the  increase  in  the  dry  skeleton  is  relatively  greater  than 
that  for  the  (moist)  cartilaginous  skeleton,  it  necessarily  follows 
that  the  skeleton  must  be  losing  in  percentage  of  water  and 
gaining  in  percentage  of  dry  substance.  The  percentage  of 
dry  substance  has  been  calculated  for  each  individual  skeleton 
included  in  tables  7  a  and  7  b,  and  the  averages  for  each  group 
are  as  follows:  controls  at  three  weeks,  31.4  per  cent;  constant 
three  to  six  weeks  of  age,  33.5  per  cent;  three  to  eight  weeks,  30.0 
per  cent;  three  to  ten  weeks,  41.7  per  cent;  three  to  tiiirteen  weeks, 

40.2  per  cent;  three  to  sixteen  weeks,  44.0  per  cent;  control  at 
ten  weeks,  53.4  per  cent. 

Lowrey  ('13}  finds  the  dry  substance  of  the  ligamentcnis 
skeleton  in  the  normal  albino  rat  to  increase  from  an  average  of 

33.3  per  cent  at  20  days  of  age  to  39.2  pier  cent  at  six  weeks, 
45.9  per  cent  at  ten  weeks,  50.4  per  cent  at  five  months  and  52.6 
per  cent  at  one  year. 

From  the  foregoing  it  is  evident  that  in  rats  held  at  constant 
body-weight  beginning  at  three  weeks,  the  growi:^  cartilaginoiK 
skeleton  steadily  increases  its  percentage  of  dry  substance. 
Thus  it  tends  to  chai^  the  proportions  of  water  and  dry  sub- 
stance as  during  normal  growth.  The  percentage  of  dry  sub- 
stance does  not  increase  so  rapidly  with  age  as  during  normal 
growth,  however,  but  lags  behind  corresponding  to  the  retard- 
ation in  absolute  growth.  During  inanition  in  adult  rats,  on 
the  contrary,  there  is  a  relative  decrease  in  the  dry  substance, 
and  an  increase  in  water-content  (Jackson  '15  c). 

It  has  already  been  noted  in  a  previous  section  ("Lengths  of 
body  and  tail")  that  in  the  rats  held  at  constant  body-we^t 
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beginning  at  the  age  of  three  weeks  there  is  an  increase  in  the 
lengths  of  both  body  and  tail.  *  The  latter  increases  more  rapidly, 
however,  so  that  it  tends  to  assume  the  tail-ratio  found  in  normal 
rats  of  corresponding  age.  This  indicates  that  the  skeleton  not 
only  continues  to  grow  (though  at  a  reduced  rate)  while  the  body- 
weight  is  held  constant,  but  also  tends  to  ffrow  in  a  normal  manner, 
so  as  to  produce  the  normal  ratio  of  tail-length  and  body-length. 
The  preceding  paragraphs  have  shown  that  the  increased  growth 
of  skeleton  affects  the  ligamentous  as  well  as  the  cartilaginous 
and  bony  components,  and  that  the  chemical  composition  (per- 
centages of  water  and  dry  substance)  also  changes  in  a  manner 
tending  to  assume  the  normal. 

The  question  naturally  arises  as  to  whether  the  skeletal  growth 
during  constant  body-weight  is  merely  a  growth  in  mass,  or  is 
associated  with  the  normal  process  of  differentiation.  During 
the  present  investigation  a  few  observations  have  been  made  upon 
the  development  of  the  normal  skeleton,  indicating  some  of  the 
more  obvious  changes  during  the  age-periods  of  the  rats  under 
experiment,  especially  between  the  ages  of  three  and  ten  weeks. 
While  a  detailed  study  of  the  developmental  changes  in  the  skele- 
ton is  reserved  for  a  separate  paper,  some  preliminary  con- 
clusions may  be  noted  here. 

In  skeletons  of  rats  held  at  constant  body-weight  from  the  age 
of  three  to  the  age  of  ten  weeks,  the  appearance  and  fusion  of 
certain  epiphyses  may  be  noted  as  in  the  normal  animal  during 
this  period,  although  in  most  cases  the  process  appears  to  be 
retarded  somewhat.  The  following  examples  may  be  cited. 
In  the  normal  skeleton  at  three  weeks  of  age,  the  epiphyses  at 
the  ends  of  the  vertebral  bodies  have  not  appeared;  the  epiphysis 
at  the  lower  end  of  the  humerus  is  well  developed,  but  not  fused 
with  the  shaft;  the  maxilla  and  mandible  present  each  two  molars 
(on  each  side),  with  no  visible  trace  of  a  third.  In  the  normal 
skeleton  at  ten  weeks,  the  epiphyses  at  the  ends  of  the  verte- 
bral bodies  have  appeared,  and  most  of  them  have  united  with 
the  corresponding  bones;  the  epiphysis  at  the  lower  end  of  the 
humerus  is  firmly  fused  with  the  shaft;  well  developed  third 
molar  teeth  have  appeared,  both  in  the  maxilla  and  in  the  mandi- 
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ble.  In  the  skeleton  of  a  rat  held  at  constant  body-weight 
from  three  to  ten  weeks  of  age,  most  of  the  epiphyses  of  the 
vertebral  bodies  have  appeared,  and  they  usually  have  united 
at  one  end  of  each  bone;  the  lower  epiphysis  of  the  humerus  is 
firmly  united  with  the  shaft,  as  normally  at  ten  weeks;  well- 
developed  third  molars  have  appeared,  as  normally  at  ten  weeks. 
In  a  rat  held  at  constant  body-weight  from  age  of  three  to  six- 
teen weeks,  the  skeletal  differentiation  was  more  advanced, 
corresponding  at  least  to  the  stage  reached  normally  at  ten 
weeks,  and  in  some  respects  perhaps  even  beyond  it. 

These  observations  will  suffice  to  establish  the  fact  that  the 
skeletal  growth  during  constant  body-weight  is  accompanied 
by  normal  developmental  changes,  as  well  as  changes  in  chemical 
composition  (percentage  of  water).  In  other  words,  we  find 
not  only  increase  in  mass  but  growth  and  differentiation  appar- 
ently normal  in  character,  though  somewhat  retarded  in  rate. 
These  skeletal  characters  therefore  tend  to  correlation  with  age, 
although  influenced  also  by  the  general  body-weight. 

The  remarkable  fact  that  the  skeleton  continues  to  grow  while 
the  body-weight  is  held  constant  was  apparently  first  observed 
by  Waters  ('08)  who  found  that  calves  previously  well  nourished 
will  continue  to  increase  in  height  and  in  width  of  hip  for  a  con- 
siderable time,  even  when  increase  of  body-weight  is  prevented 
by  under-feeding.    He  remarks  ('08  b,  p.  9) : 

Apparently  the  animal  organism  is  capable  of  drawing  upon  its 
reserve  for  the  purposes  of  sustaining  the  growth  process,  for  a  con- 
siderable time  and  to  a  considerable  extent.  Our  experiments  indicate 
that  after  the  reserve  is  drawn  upon  to  a  certain  extent  to  support 
growth,  the  process  ceases  and  there  is  no  further  increase  in  height 
or  in  length  of  bone.  From  this  point  on,  the  animal's  chief  business 
seems  to  be  to  sustain  life.  This  law  applies  to  animals  on  a  stationary 
live  weight  as  well  as  to  those  being  fed  so  that  the  live  weight  is  stead- 
ily declining,  and  indeed  to  those  whose  ration,  while  above  main- 
tenance, and  causing  a  gain  in  live  weight,  is  less  than  the  normal 
growth  rate  of  the  individual.  Such  an  animal  will,  while  gaining  in 
weight,  get  thinner,  because  it  is  drawing  upon  its  reserve  to  supple- 
ment the  ration  in  its  effort  to  grow  at  a  normal  rate. 

Aron  ('11)  experimented  with  dogs  to  determine  the  effect  of 
a  restricted  amount  of  food  upon  young,  growing  animals.     He 
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found  that  in  spite  of  constant  live  weight,  the  animals  con- 
tinued to  increase  in  length  and  height  for  three  to  five  months. 
Thereupon  the  emaciated  animals  became  weaker  and  died  un- 
less the  amount  of  food  was  somewhat  increased.  From  a 
comparative  study  of  nine  bones  (the  entire  skeleton  was  not 
measured),  Aron  concludes  that  the  skeleton  during  constant 
body-weight  increases  in  mass  and  also  changes  in  chemical 
composition  (increase  in  water-content  and  protein  (?) ;  decrease 
in  fat) .  The  results  of  this  very  interesting  investigation,  while 
sufficient  to  establish  the  continued  growth  of  the  skeleton, 
would  be  more  conclusive  if  the  number  of  observations  were 
larger,  with  an  adequate  number  of  controls  at  the  beginning 
andUt  the  end  of  the  experiment.  In  a  recent  paper,  Aron  ('14) 
records  a  few  observations  indicating  that  malnutrition  in 
children  retards  growth  in  length  less  than  body-weight;  so  that 
the  body  may  continue  to  increase  in  length  while  the  body- 
weight  is  at  a  standstill,  or  even  slightly  decreasing.  Thus  the 
strong  growth  tendency  of  the  skeleton  durii^  bare  maintenance 
of  the  body-weight  is  manifest  in  the  human  species,  as  well  as 
in  the  calves,  dogs  and  rats. 

MUSCULATURE 

Although  the  musculatiire  (table  8;  fig.  4)  in  the  normal  rat 
at  three  weeks  averages  26.9  per  cent  of  the  body,  according 
to  Jackson  and  Lowrey  ('12),  the  controls  in  the  present  series 
gave  a  somewhat  higher  amount,  the  average  being  31.2  per 
cent.  As  shown  in  table  8,  the  musculature  in  the  controls  of  the 
present  series  also  averaged  slightly  higher  thato  the  normal 
according  to  Jackson  and  Lowrey  at  six  and  ten  weeks.  In 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  sbt,  ten  and  thirteen  weeks,  the  musculature  appears  relatively 
very  slightly  higher  than  in  the  controls  at  three  weeks.  The 
apparent  increase  from  three  to  ten  weeks  is  from  7.40  grams 
(7.81  grams,  less  correction  correspondii^  to  the  smaller  body- 
weight  at  10  weeks)  to  7.62  grams,  or  an  increase  of  3.0  per  cent 
in  absolute  weight.     In  the  three  to  sixteen  weeks  experiment. 
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the  average  is  slightly  lower.  In  the  six  to  thirty-two  weeks 
experiment,  the  musculature  appears  very  slightly  higher  than 
in  the  controls  at  six  weeks,  while  in  the  ten  to  thirty-five  weeks 
experiment,  the  musculature  appears  slightly  lower  than  in  the 
controls  at  ten  weeks.  In  the  latter  case,  however,  the  controls 
are  too  heavy  for  comparison  with  those  under  experiment. 

In  general,  it  seems  clear  from  the  foregoing  that  in  young 
rats  held  at  constant  body-weight  the  musculature  also  remains 
nearly  constant  in  weight,  with  perhaps  a  very  slight  tendency 
to  increase  in  the  majority  of  cases.  In  the  course  of  normal 
growth  during  this  period,  the  musculature  shows  a  more  rapid 
growth  than  any  other  system,  increasing  from  about  27  per  cent 
of  the  body  at  three  weeks  to  41  per  cent  at  ten  weeks  of  age 
(Jackson  and  Lowrey).  Durii^  inanition  in  adult  rats,  the 
musculature  loses  approximately  in  proportion  to  the  entire  body, 
slightly  less  in  acute  inanition  and  slightly  more  in  chronic 
inanition  (Jackson  '15  c) 

Aron  ('1 1)  did  not  weigh  the  muscles  in  his  experiments  on  dogs, 
but  infers  (p.  29}  that:  "Only  the  flesh,  muscles  and  fat  of  the 
body  remain  as  the  tissues  which  must  have  lost  during  the  course 
of  the  experiments."  From  an  analysis  of  samples  taken  from 
the  leg  muscles,  he  also  concludes  that  "The  muscles  contained 
only  one-half  of  the  normal  amount  of  sohds,"  the  protein  being 
greatly  decreased  and  the  water-content  increased.  Again, 
however,  his  comparison  is  with  controls  at  the  end  rather  than 
the  beginning  of  the  experiment,  so  that  no  conclusion  can  be 
drawn  as  to  the  changes  taking  place  during  the  experiment  in 
the  animals  held  at  constant  body-weight. 

VISCERA  AND   'REMAINDER' 

With  the  visceral  group  (table  9;  fig.  4)  have  been  included  the 
brain,  spinal  cord  and  eyeballs,  as  well  as  the  thoracic  and 
abdominal  viscera.  According  to  Jackson  and  Lowrey  '12,  this 
group  decreases  from  about  21  per  cent  of  the  body  at  three 
weeks  to  about  16  per  cent  at  ten  weeks  of  age.  This  is  in  fairly 
close  agreement  with  the  controls  in  the  present  series,  except  at 
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ten  weeks.  In  this  case  the  controls  are  considerably  too  heavy 
for  direct  comparison  with  the  animals  under  experiment,  which 
accounts  for  the  discrepancy. 

In  the  animals  held  at  constant  body-weight  from  the  age  of 
three  weeks  to  the  ages  of  six,  eight  and  ten  weeks,  the  visceral 
group  shows  a  distinct  increase  in  weight.  This  is  more  marked 
at  six  and  eight  than  at  ten  weeks,  which  perhaps  indicates  that 
the  viscera  may  increase  in  the  earlier  part  of  the  experiment, 
and  lose  weight  later.  The  experiment  from  six  to  thirty-two 
weeks  indicates  no  essential  change  in  the  weight  of  the  viscera. 
From  ten  to  thirty-five  weeks  there  is  a  slight  gain. 

On  the  whole,  it  may  be  concluded  that  during  constant  body- 
weight  in  young  albino  rats  the  visceral  group  as  a  whole  under- 
goes but  little  change  in  weight,  with  a  slight  tendency  to  in- 
crease, especially  in  the  earlier  periods.  As  will  be  seen  later, 
however,  the  individual  viscera  differ  greatly  in  their  reactions. 

Aron  ('11)  concludes  that  in  young  dogs  held  at  nearly  constant 
body-weight  the  organs  in  general  do  not  lose  weight.  On 
account  of  the  small  number  of  observations,  however,  and 
the  lack  of  adequate  controls,  it  is  difficult  to  draw  any  satis- 
factory conclusion  from  his  observations  upon  the  viscera. 

The  'remainder'  is  obtained  by  deducting  from  the  net  body- 
weight  the  weight  of  the  integument,  skeleton,  musculature  and 
viscera.  It  therefore  includes  loss  by  evaporation  and  escape 
of  fluids,  as  well  as  a  few  small  unweighed  organs  and  the  masses 
of  disseetable  fat.  The  data  in  table  9  show  a  considerable 
variation,  as  might  be  expected.  On  the  whole,  however,  it 
appears  doubtful  whether  there  is  any  material  change  in  the 
weight  of  the  'remainder'  in  yoimg  rats  held  at  constant  body- 
weight  for  considerable  periods.  There  is  imdoubtedly  a  loss 
in  the  fat,  but  this  is  probably  counterbalanced  by  an  increased 
water-content  of  the  interstitial  connective  tissues. 
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BRAIN 

The  brain  (table  10)  in  eleven  controls  at  three  weeks  of  age 
averaged  1.282  grams,  or  5.31  per  cent  of  the  (net)  body-weight. 
This  corresponds  fairly  closely  with  Donaldson's  ('08)  figure  for 
the  normal  rat  of  corresponding  weight.  In  the  rats  held  at 
constant  body-weight  from  the  age  of  three  to  six  and  eight 
weeks,  there  appears  (table  10)  to  be  a  relative  increase  in  the 
brain,  especially  at  eight  weeks,  where  it  forms  6.62  per  cent  of 
the  body.  In  reaUty,  however,  this  relative  increase  is  only 
apparent,  and  due  to  the  fact  that  these  animals  began  the  ex- 
periment at  a  lower  body-weight,  corresponding  to  which  the 
brain  is  relatively  heavier.  The  (net)  body-weights  of  the  two 
rats  at  eight  weeks  were  respectively  18.1  grams  and  17.8  grams. 
According  to  Jackson  ('13,  p.  22),  the  brain  normally  reaches  its 
maximum  relative  weight  of  about  6.7  per  cent  of  the  body  when 
the  body-weight  is  about  15  grams.  Thus  the  final  brain-weight 
of  the  rats  held  at  constant  body-weight  from  the  age  of  three  to 
eight  weeks  of  age  is  almost  exactly  that  to  be  expected  if  the 
brain-weight  has  remained  constant. 


,-  average  absolute  weight,  average  percentage  of  net  body-weight  atid  range 
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The  brain  weight  has  also  apparently  remained  nearly  constant 
in  the  large  group  held  at  constant  body-weight  from  three  to 
ten  weeks  of  age.  The  average  absolute  weight  is  slightly  less, 
but  almost  in  correspondence  with  the  body-weight,  so  that  the 
average  relative  weight,  5.30  per  cent,  is  nearly  identical  with 
that  of  the  controls  at  three  weeks,  the  beginning  of  the  experi- 
ment. In  terms  of  absolute  weight,  there  is  a  very  slight  apparent 
decrease  from  1.274  grams  (1,282  grams,  less  correction*  for 
difference  in  body-weight,  which  averages  24.5  grams  in  the 
three  weeks  controls  and  24.0  grams  at  ten  weeks)  to  1.267 
grams,  a  decrease  of  about  0,5  per  cent  in  absolute  weight. 

In  the  series  held  at  constant  body-weight  from  the  age  of 
six  to  thirty-two  weeks,  there  is  an  apparent  slight  decrease  in 
the  brain  from  about  3.23  per  cent  to  3.14  per  cent  of  the  body, 
and  in  the  ten  to  thirty-five  weeks  series  a  slight  increase  (from 
2.08  to  2.12  per  cent).  Considering  the  small  number  of  observa^ 
tions  and  the  normal  variation,  however,  these  apparent  differ- 
ences do  not  appear  to  be  significant.  I  would,  therefore,  con- 
clude from  the  data  above  cited  that  there  is  probably  no  appreci- 
able change  in  the  weight  of  the  brain  in  young  albino  rats  held 
at  constant  body-weight  for  considerable  periods. 

Hatai  ('04)  experimented  with  a  series  of  young  rats  with 
initial  body-weights  corresponding  roughly  to  those  of  mine  at 
the  ages  of  six  to  ten  weeks.  By  giving  an  unfavorable  diet 
(starch  and  beef-fat)  their  body-weight  was  reduced  on  the 
average  about  30  per  cent.  The  brain  in  these  cases  had  appar- 
ently lost  in  absolute  weight,  the  average  loss  being  about  5  per 
cent.  These  results,  however,  are  of  course  not  directly  com- 
parable with  those  in  which  the  body-weight  has  remained 
constant. 

In  a  later  experiment,  Hatai  ('08)  by  underfeeding  with  xm- 
favorable  diet  retarded  the  growth  of  a  series  of  five  rats,  begin- 

'  It  should  be  noted  here  aa  in  other  cases  that  the  correction  for  organ-weight 
is  not  in  exact  proportion  to  the  difference  in  body-weight.  Allowance  must  be 
madefor  the  change  in  the  refdfii'c  weight  of  the  organ  correspondingto  the  change 
in  body-weight. 
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ning  at  the  age  of  30  days,  so  that  at  170  days  their  average  weight 
was  only  91.5  grams,  while  full-fed  controls  averaged  146.5 
grains.  By  comparison  with  'second  controls,'  younger  rats 
of  body-weight  similar  to  the  final  weight  of  the  stunted  series, 
he  found  that  in  the  stunted  rats  the  brain-weight  was  practi- 
cally identical  with  that  of  normal  rats  of  the  same  body-weight. 
In  other  words,  the  growth  in  brain-weight  had  been  retarded 
in  the  same  proportion  as  the  body-weight.  On  this  principle, 
if  the  body-weight  were  retarded  so  as  to  permit  no  growth  at 
all,  that  is  held  at  constant  weight,  we  should  expect  practically 
no  increase  in  weight  of  the  brain.  This  is  in  agreement  with  my 
results,  as  above  stated. 

More  recently  Donaldson  ('11)  has  experimented  with  a  larger 
series  (twenty-two  litters)  of  rats  held  at  nearly  constant  weight 
(34  grams)  from  the  age  of  thirty  to  the  age  of  fifty-one  days.  In 
the  rats  held  at  constant  body-weight,  the  brain  weight  averaged 
7.7  per  cent  less  than  in  full-fed  controls  of  the  same  litters.  No 
direct  controls  were  taken  at  the  beginning  of  the  experiment, 
but  from  the  normal  growth  formula  it  is  estimated  that  the 
initial  brain-weight  was  slightly  less  than  that  found  in  the 
retarded  rats  at  the  end  of  the  experiment.  This  would  indicate 
an  increasfi  of  3.6  per  cent  in  the  brain-weight,  while  the  body- 
weight  was  held  constant.  The  large  number  of  observations 
lends  weight  to  this  conclusion,  although  it  would  be  strength- 
ened if  direct  controls  were  available  at  the  beginning  of  the 
experiment. 

It  may  be  noted  that  if  Donaldson's  normal  (Wistar  reference 
tables)  rather  than  the  direct  controls  be  taken  as  the  basis  for 
estimating  the  initial  brain-weight  in  my  three  to  ten  weeks 
series,  the  result  would  indicate  a  gain  simitar  to  that  found 
by  Donaldson  in  his  series.  On  the  whole,  therefore,  we  may 
safely  conclude  that  there  is  but  very  slight  if  any  increase  in  the 
brain-weight  of  young  albino  rats  held  at  constant  body-weight 
for  considerable  periods  of  time. 
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SPINAL  CORD 


When  the  relative  weights  are  compared  with  the  controls  at 
the  beginning  of  the  experiment  (table  11),  or  with  the  theoreti- 
cal normal  according  to  Donaldson  ('08)  there  appears  a  very 
decided  increase  in  the  spinal  cord  at  all  the  age-periods  during 
the  experiment.  Thus  while  the  body-weight  has  been  held 
constant  from  the  age  of  three  to  that  of  ten  weeks,  the  spinal 
cord  has  apparently  increased  from  an  average  of  0.179  to  0.243 
grams,  an  increase  of  about  36  per  cent  (or  slightly  more  if  the 
initial  weight  be  decreased  to  correct  for  the  difference  of  body- 
weight  at  three  weeks,  24.5  grams,  and  ten  weeks,  24.0 grams). 
This  corresponds  to  an  increase  from  0.74  per  cent  to  1.02  per 
cent  of  the  net  body-weight.  The  increases  at  the  other  age- 
periods  are  equally  striking. 

Donaldson  ('11)  in  the  experiments  previously  mentioned  also 
found  an  increase  in  the  weight  of  the  spinal  cord  in  rats  held  at 
body-weight  of  about  34  grams  from  the  age  of  thirty  days  to 
that  of  fifty-one  days.  He  does  not  estimate  this  increase  exactly 
but  from  the  normal  weight  of  the  cord  at  the  beginning  of  the 
experiment  (cf.  Donaldson  '08,  table  1)  the  weight  must  have 
increased  from  about  0.223  to  0.2498  grams,  an  increase  of  about 
10.7  per  cent.  While  this  is  not  so  striking  as  my  results  (per- 
haps in  part  because  my  experiments  covered  a  longer  period  of 
time)  it  agrees  in  indicating  during  constant  body-weight  a 
much  stronger  growth  tendency  in  the  spinal  cord  than  in  the 
brain.  This  is  in  agreement  with  the  well-known  fact  that  in 
general  the  normal  post-natal  growth  of  the  spinal  cord  is  rela- 
tively much  more  rapid  than  that  of  the  brain.  This  growth  of 
the  spinal  cord  is  apparently  correlated  with  the  increase  in 
trunk-length  (Donaldson). 

EYEB.^LLS 
An  increase  even  more  striking  than  that  of  the  spinal  cord  is 
apparent  in  the  eyeballs  (table  12).  In  rats  held  at  constant 
body-weight  from  the  age  of  three  weeks,  the  eyeballs  increase 
from  a  relative  weight  of  about  0.50  per  cent  of  the  body-weight 
to  0.64  per  cent  at  six  weeks,  0.82  per  cent  at  eight  weeks,  and 
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The  ipinal  cord;  average  absolute  weight,  average  percentage  of  net  body-weigkt  and 
range  indicated 
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0.76  per  cent  at  ten  weeks.  In  terms  of  absolute  weight,  the 
eyeballs  have  apparently  increased  from  an  average  of  0.120 
grams  at  three  weeks  to  about  0.179  grams  (no  correction  made 
for  the  slight  difference  in  body-weight)  at  ten  weeks,  an  increase 
of  nearly  50  per  cent!  In  the  normal,  full-fed  rat  at  ten  weeks 
(average  body-weight  112  grams)  the  eyeballs  have  reached  a 
weight  of  only  about  0.201  grams  (Jackson  '13).  At  this  rate, 
the  weight  of  the  eyeballs  at  a  normal  body-weight  of  75  grams 
(the  body-weight  indicated  in  table  12  as  'normal  at  10  weeks.' 
to  correspond  to  the  body-weight  of  the  animals  held  at  constant 
body-weight  from  the  age  of  ten  to  thirty-five  weeks)  would  be 
only  about  0.173  grams,  or  slightly  less  than  that  actually  reached 
in  the  series  held  at  constant  body-weight  of  24  grams  from  three 
weeks  to  ten  weeks  of  age.  The  growth  of  the  eyeballs  in  rats 
held  constant  from  the  age  of  six  to  thirty-two  weeks,  and  from 
ten  to  thirty-five  weeks,  is  equally  striking. 

No  data  upon  the  growth  of  the  eyeballs  under  these  conditions 
have  been  found  in  the  literature.  I  have  shown  elsewhere 
(Jackson  '15  a,  '15  c),  however,  that  the  eyeballs  lose  but  very 
little  if  any  during  inanition  in  the  adult  albino  rat. 

In  connection  with  the  astonishing  growth  capacity  of  the 
eyeballs  in  young  animals  at  constant  body-weight,  the  possi- 
bility that  the  growth  of  the  eyeballs  is  somewhat  independent 
of  that  in  the  body  as  a  whole  may  be  considered,  which  I  have 
already  pointed  out  (Jackson  '13,  p.  24).  When  the  large  water- 
content  of  the  eyeballs  is  considered  (85.6  per  cent  in  the  rat  at 
twenty  days,  according  to  Lowrey  '13),  it  is,  after  all,  not  diffi- 
cult to  comprehend  the  possibility  of  its  continued  growth,  largely 
by  water-absorption,  when  growth  in  the  body  as  a  whole  is  at  a 
standstill. 

THYROID  GLAND 

In  young  albino  rats  held  at  constant  body-weight  from  the  age 
of  three  weeks  to  six  weeks,  eight  weeks  and  ten  weeks,  there  is 
usually  a  well-marked  loss  of  weight  in  the  thyroid  gland  (table 
13).  In  the  largest  group,  three  to  ten  weeks,  the  thyroid  has 
apparently  decreased  on  the  average  from  about  0.033  per  cent 
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TABLE  13 

The  thyroid  gland;  average  abaoluU  weight,  average  ■percentage  oj  net  hody-weigkl  and 
range  indicated 
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of  the  body  to  0.025  per  cent.  Or,  in  terms  of  absolute  weight, 
it  has  decreased  from  0.0078  to  0.0059  grams,  a  decrease  of  24 
per  cent.  (A  slight  correction  should  be  made  on  account  of 
difference  in  body-weight.)  No  observations  were  made  upon 
the  thyroid  gland  in  the  experiments  beginning  at  later  ages. 

During  acute  inanition  in  adult  rats,  the  thyroid  gland  appar- 
ently loses  little  or  no  weight;  while  in  chronic  inanition  with 
an  average  loss  in  body-weight  of  about  36  per  cent,  the  thyroid 
gland  loses  only  about  22  per  cent  in  weight  (Jackson  '15). 
There  is  some  uncertainty  as  to  the  exact  figures,  however,  on 
account  of  variability  and  difficulty  in  dissecting  out  the  thyroid 
gland  in  an  accurate  manner.  The  same,  of  course,  holds  true 
for  the  present  series. 

THYMUS 

The  normal  thymus  (table  14)  at  three  weeks  forms  0.37  per 
cent  of  the  net  body-weight.  This  decreases,  in  rats  held  at 
constant  body-weight,  to  0.075  per  cent  at  six  weeks  of  age,  to 
0.030  (exceptional?)  at  eight  weeks,  and  to  0.040  per  cent  at  ten 
weeks.  In  terms  of  absolute  weight,  the  thymus  has  decreased 
from  0.091  grans  at  three  weeks  to  0.017  grams  (loss  of  81  per 
cent)  at  six  weeks,  and  to  0.0094  grams  (loss  of  90  per  cent)  at 
10  weeks.  No  correction  for  the  slight  difference  in  body-weight 
has  been  made  in  these  estimates. 

Normally  at  ten  weeks  of  age  the  weight  of  the  thymus  should 
have  increased  to  about  0.24  grams  (0.30  grams  in  the  controls). 
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A  maximum  absolute  weight  of  about  0.29  grams  is  reached  by 
the  average  normal  thymus  about  the  age  of  85  days  (Hatai 
'14).  At  one  year,  it  has  undergone  a  complete  age-involution, 
and  fonns  only  0.02  per  cent  of  the  body-weight  (Jackson  '13). 

That  the  weight  and  structure  of  the  thymus  are  markedly 
affected  by  various  adverse  conditions  has  long  been  known,  and 
the  process  of  involution  has  recently  been  thoroughly  investi- 
gated by  Hanmiar  and  his  pupils.  Jonson  ('09)  experimented 
with  young  rabbits  subjected  to  acute  and  chronic  inanition, 
in  the  latter  case,  the  diet  was  restricted  so  as  to  maintain  the 
young  rabbits  at  constant  body-weight  (similar  to  the  present 
experiment  with  rats).  Under  these  conditions,  Jonson  found 
the  weight-curve  of  the  thymus  similar  to  that  of  the  body-fat, 
although  during  acute  inanition  the  fat  decreases  somewhat  more 
rapidly.  In  young  rabbits  held  at  constant  body-weight  the 
thymus  in  four  weeks  is  reduced  to  about  one-thirtieth  of  its 
initial  weight.  The  cortex  suffers  the  greatest  loss,  being  re- 
duced to  one-twelfth  of  its  initial  weight  within  two  weeks  of 
chronic  inanition  at  constant  body-weight.  It  would  therefore 
appear  that  the  process  of  involution  is  much  more  rapid  and 
complete  in  young  rabbits  than  in  young  rats  at  the  ages  included 
in  the  present  investigation.  In  both  cases,  however,  the  weight 
of  the  thymus  in  hunger  involution  decreases  most  rapidly  in 
the  earlier  weeks  of  the  experiment. 


The  heart  (table  15)  in  the  albino  rats  held  at  constant  body- 
weight  from  the  age  of  three  weeks  appears  to  have  remained 
practically  constant  at  about  0.70  per  cent  of  the  net  body-weight 
up  to  the  age  of  ten  weeks.  In  absolute  weight,  the  heart  would 
apparently  decrease  from  0.167  grams  (0.170  grams,  less  cor- 
rection for  difference  in  body-weight)  to  0,166  grams,  a  decrease 
of  about  0.6  per  cent,  which  is  probably  within  the  limits  of 
experimental  error.  The  very  slight  decrease  at  six  weeks  and 
increase  at  eight  weeks  are  also  probably  not  significant.  Simi- 
larly in  the  rats  held  at  constant  body-weight  from  six  to  thirty- 
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two  weeks  and  from  ten  to  thirty-five  weeks  the  heart  has  ap- 
parently retained  almost  exactly  its  initial  relative  weight.  The 
absolute  weight  therefore  apparently  remains  unclianged  (the 
differences  in  the  table  being  due  to  different  initial  body-weights) . 
During  inanition  in  adult  rats  (Jackson  '15  a,  '15  c)  the  heart 
likewise  maintains  its  relative  weight,  losing  in  absolute  weight 
nearly  in  proportion  to  the  entire  body  (slightly  more  in  chronic 
than  in  acute  inanition). 

TABLE  14 
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The  lungs  (table  16)  in  rats  held  at  constant  body-weight 
from  the  age  of  three  weelts  to  the  ages  of  six  weeks  and  ten  weeks 
appear  to  lose  in  weight.  (The  data  at  eight  weeks  are  abnor- 
mally high,  as  noted  in  the  table).  Thus  between  the  ages  of 
three  weeks  and  ten  weeks,  the  lungs  apparently  decrease  from 
1.04  per  cent  to  0.91  per  cent  of  the  body-weight;  or  in  absolute 
weight  from  0.250  to  0,218  grams,  a  loss  of  about  15  per  cent, 
(A  slight  correction  has  been  made  on  account  of  the  difference 
in  body-weight).  In  the  few  observations  upon  rats  for  longer 
periods  beginning  at  the  later  ages  of  six  and  ten  weeks,  there 
appears  to  be  no  material  change  in  the  weights  of  the  lungs 
during  the  experimental  periods. 

The  lung  infections  frequently  found  in  older  and  adult  rats, 
rarely  occur  before  the  age  of  ten  weeks,  and  thus  do  not  affect 
the  present  series.  As  Hatai  has  already  noted,  rats  during 
chronic  inanition  appear  to  be  unusually  free  from  lung  infection. 

During  inanition  in  adult  rats,  the  lungs  lose  weight  in  about 
the  same  proportion  as  the  whole  body,  thus  nearly  maintaining 
their  relative  (percentage)  weight.  The  loss  is  slightly  greater, 
however,  during  chronic  inanition  (Jackson  '15  c). 
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The  liver  {table  17)  in  the  albino  rats  held  at  constant  body- 
weight  from  the  age  of  three  weeks  to  six,  eight  and  ten  weeks 
shows  an  apparent  increase.  This  increase  appears  greatest 
in  the  shortest  series,  three  to  six  weeks,  increasing  from  4.95 
per  cent  of  the  body-weight  (in  controls)  to  5.89  per  cent.  Be- 
tween three  and  ten  weeks  the  corresponding  increase  is  from  an 
absolute  weight  of  1.16  grams  (1.20  grams,  less  correction  for 
difference  in  body-weight;  or  4.95  per  cent  of  the  body-weight) 
to  1.28  grams  (5.25  per  cent  of  the  body- weight) ,  or  an  increase 
of  about  10.3  per  cent  in  absolute  weight. 

In  the  later  and  longer  periods,  however,  there  appears  to  be 
a  decided  decrease  in  the  weight  of  the  liver  (six  to  thirty-two 
weeks  and  ten  to  thirty-five  weeks  series).  This  may  be  due  to 
the  fact  that  the  latter  experiments  extended  over  a  longer  period 
of  time,  or  it  may  be  because  they  were  begun  at  a  later  age. 
We  may  therefore  conclude  that  in  young  albino  rats  held  at 
constant  body-weight  there  is,  beginning  at  three  weeks,  an 
increase  in  the  weight  of  the  liver  (apparently  greater  at  six  than 
at  ten  weelts  of  age) ;  while  in  rats  beginning  the  experiment  later, 
at  six  and  ten  weeks  of  age  (and  extending  over  a  longer  period) 
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there  is  a  decided  decrease  in  the  weight  of  the  liver.  Thus  the 
liver  would  appear  under  these  conditions  to  have  a  tendency  to 
follow  the  normal  growth-impulse,  which  increases  to  a  maximum 
at  about  the  age  of  six  weeks,  and  decreases  thereafter  (Jackson 
'13,  p.  3!). 

During  inanition  in  adult  rats,  the  liver  loses  in  weight  rela- 
tively more  than  the  whole  body,  and  to  a  greater  extent  in  acute 
than  in  chronic  inanition  {Jackson  '15  c).  As  the  liver  is  nor- 
mally subject  to  great  variation  in  weight,  however,  (Jackson  '13) 
great  caution  must  be  observed  in  drawing  final  conclusions. 
Hatai  ('13)  found  the  weight  of  the  normal  liver  distinctly  higher 
than  that  in  my  series,  and  if  his  data  instead  of  my  controls 
were  taken  as  a  basis  for  the  initial  weights,  the  estimated  losses 
in  my  experiments  would  be  considerably  greater,  even  the 
younger  rats  showing  a  loss  instead  of  a  gain  in  liver-weight. 


Taking  the  controls  at  three  weeks  as  a  basis  for  com- 
parison, it  appears  that  in  rats  held  at  constant  body-weight 
from  the  age  of  three  weeks  to  six  weeks  the  weight  of  the  spleen 
(table  18)  remains  practically  unchained  (the  average  at  six 
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weeks  being  probably  too  high,  on  account  of  the  inclusion  of  a 
litter  with  abnormally  large  spleens) ;  while  in  the  rats  at  eight 
and  ten  weeks  there  is  a  considerable  decrease.  In  the  case 
of  the  three  to  ten  weeks  series,  the  decrease  would  be  from 
0.091  gram  (0.37  per  cent  of  the  net  body-weight)  to  0.053  gram 
(0.22  per  cent  of  the  body-weight),  or  a  decrease  of  nearly  42 
per  cent  in  absolute  weight.  (No  correction  has  been  made 
for  the  difference  in  body-weight,  which  is  0,5  gram  lower  at 
ten  weeks).  If  the  normal  relative  weight  of  the  spleen  at  three 
weeks  (0.28  per  cent,  Jackson  '13)  be  taken  as  a  basis  of  esti- 
mate, however,  the  loss  would  appear  considerably  less. 

In  the  rats  held  at  constant  body-weight  at  later  and  longer 
periods  (six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks) 
there  appears  to  be  no  appreciable  change  in  the  average  weight 
of  the  spleen.  It  may  be  concluded  therefore  that  in  young 
rats  held  at  constant  body-weight  beginning  at  the  age  of  three 
weeks  there  is  a  marked  tendency  to  a  reduction  in  the  weight 
of  the  spleen;  while  at  later  (and  longer)  periods  the  spleen  ap- 
pears to  undergo  no  material  change  in  weight.  It  must  be 
remembered,  however,  that  the  spleen  is  normally  one  of  the  most 
variable  organs  in  the  body  (Jackson  '13),  and  final  conclusions 
should  be  correspondingly  guarded. 

In  adult  albino  rats  during  chronic  inanition  the  average  loss 
in  weight  is  nearly  proportional  to  that  of  the  entire  body,  while 
in  acute  inanition  the  loss  appears  very  much  greater  (Jackson 
'15  a,  '15  c). 

STOMACH  AND  INTESTINES 

The  stomach  and  intestines,  including  mesentery  and  pan- 
creas, are  considered  both  with  contents  (table  19  a)  and  empty 
(table  19  b).  Considering  first  the  empty  canal,  it  appears  in 
rats  held  at  constant  body-weight  from  the  age  of  three  weeks 
to  increase  from  about  4.8  per  cent  of  the  body-weight  to  8.0 
per  cent  at  six  and  eight  weeks,  decreasii^  to  6.0  per  cent  at 
ten  weeks.  In  absolute  weight  the  increase  would  be  from  about 
1.13  grams  (1.20  grams  less  correction  on  account  of  difference 
in  body-weight)  at  three  weeks  to  1.45  grams  at  ten  weeks,  an 
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increase  of  about  28  pier  cent.  Between  six  and  thirty-two 
weeks  there  is  apparently  but  little  change;  while  from  ten  to 
thirty-five  weeks  there  appears  to  be  a  decrease  in  the  weight  of 
the  alimentary  canal.  The  number  of  observations,  however, 
is  too  small  for  final  conclusion. 

The  most  remarkable  increase  occurs  between  three  and  six 
weeks  of  age,  from  an  absolute  weight  of  1.20  to  1.78  grams,  an 
apparent  increase  of  about  48  per  cent  in  absolute  weight!  (The 
increase  would  be  even  greater  if  allowance  were  made  for  differ- 
ence in  body-weight).     Thus,  as  in  the  case  of  the  liver  and 
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followii^  the  normal  growth  tendency,  there  appears  to  be  in 
these  retarded  rats  an  early  increase  in  the  weight  of  the  ali- 
mentary canal,  reaching  a  maximum  at  about  the  age  of  six 
weeks,  after  which  there  is  a  decline  in  weight.  It  may  be  that 
the  early  increase  in  these  organs  is  diminished  later  on  account 
of  the  exhaustion  of  the  stored  food-supplies  available  else- 
where in  the  body  at  the  beginning  of  the  experiment.  Individ- 
ual organs  and  tissues  differ  greatly  from  each  other  in  their 
relative  susceptibility  to  attack  and  absorption  at  different  times 
during  the  course  of  inanition. 

The  behavior  of  the  stomach  and  intestines  weighed  with 
contents  (table  19  a)  is  very  similar  to  that  of  the  empty  canal. 
Contrary  to  what  might  be  expected,  during  constant  body- 
weight,  with  a  restricted  food-supply  (water  ad  libitum),  the 
canal  does  not  decrease  in  contents.  On  the  contrary  there  is 
an  increase  in  contents  (wafery  or  mucous  in  character)  which 
may  even  exceed  in  relative  weight  the  normal  contents  in  full- 
fed  aminals.  The  mayin>tim  occurred  in  animals  held  at  con- 
stant body-weight  from  the  ^e  of  three  to  eight  weeks,  when 
the  canal  with  contents  formed  20.2  per  cent  of  the  body-weightl 
In  experiments  beginning  at  later  ages  and  extending  over  longer 
periods  (six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks), 
the  canal  with  contents  appears  to  remain  more  nearly  uniform 
in  weight,  with  some  tendency  to  decrease. 

During  both  acute  and  chronic  inanition  in  adult  albino  rats, 
there  is  a  very  marked  decrease  in  the  weight  of  the  stomach  and 
intestines,  both  with  and  without  contents  (Jackson  '15  a,  '15  c). 

Hl'PRARENAL  GLANDS 

The  suprarenal  glands  (table  20)  from  the  age  of  about  six 
weeks  must  be  considered  separately  in  the  sexes,  on  account 
of  a  distinct  sexual  difference  in  their  weight,  as  discovered 
independently  by  Hatai  ('13)  and  myself  (Jackson  '13).  In  the 
earlier  ages,  however,  there  is  no  apparent  sexual  difference, 
hence  the  sexes  are  combined. 
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Jn  the  rats  held  at  constant  body-weight  from  the  age  of  three 
weeks  the  suprarenal  glands  appear  to  increase  slightly  in  weight 
at  six  and  eight  weeks;  and  especially  at  ten  weeks,  where  the 
characteristic  sexual  difference  has  distinctly  appeared.  In 
absolute  weight,  the  suprarenal  glands  have  increased  from 
0.0090  gram  (0.0088  gram,  plus  correction  for  difference  in  body- 
weight;  or  0.037  per  cent  of  the  body-weight)  at  three  weeks  to 
0.0101  gram  (0.042  per  cent  of  the  body-weight)  in  the  male  at 
ten  weeks,  an  increase  of  about  12  per  cent  in  absolute  weight. 
In  the  female,  the  corresponding  increase  is  from  0.0084  gram 
(0.0088  gram,  less  correction  for  difference  in  body-weight) 
(or  0.037  per  cent  of  the  body-weight)  to  0.0117  gram  (0.051  per 
cent  of  the  body-weight),  an  increase  of  39  per  cent  in  absolute 
weight.  Normally  the  suprarenals  during  this  period  are  de- 
creasing in  relative  (percentage)  weight.  In  the  experiments 
at  later  and  longer  periods  (six  to  thirty-two  weeks  and  ten  to 
thirty-five  weeks),  the  changes  are  apparently  not  great,  but  a 
lai^er  number  of  observations  is  necessary  before  definite  con- 
clusions can  be  reached. 

In  adult  rats  during  inanition  there  is  little  or  no  loss  in  the 
absolute  weight  of  the  suprarenal  glands,  which  therefore  in- 
crease markedly  in  relative  (percentage)  weight  (Jackson  '15  a, 
'15  c). 

KIDNEYS 

The  kidneys  (table  21)  in  rats  held  at  constant  body-weight 
from  the  age  of  three  weeks  show  a  tendency  to  increase  which 
is  more  marked  at  six  and  eight  than  at  ten  weeks.  Between 
three  and  ten  weeks  of  age  the  increase  is  from  an  average  of 
0.388  gram  (0.393  gram,  less  correction  on  account  of  differ- 
ence in  body-weight;  or  1.62  per  cent  of  the  body-weight)  to 
0.404  gram  (1.69  per  cent  of  the  body-weight),  an  increase  of 
only  about  4.1  per  cent  in  absolute  weight.  At  later  and  longer 
periods  (six  to  thirty-two  weeks  and  ten  to  thirty-five  weeks) 
there  is  apparently  but  Uttie  change  in  the  weight  of  the  kidneys. 
The  slight  differences  shown  in  the  table  are  probably  not 
significant.    On  the  whole,  it  appears  that  in  young  rats  held  at 
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constant  body-weight  there  is  a. slight  tendency  to  increase  in 
the  weight  of  the  kidneys,  in  the  earlier  weeks,  but  Uttie  or  no 
apparent  difference  later. 

In  adult  rats  during  acute  and  chronic  inanition,  the  kidneys 
lose  in  weight  relatively  slightly  less  than  the  body  as  a 
whole,  thereby  gaining  slightly  in  relative  (percentage)  weight 
(Jackson  '15  c). 

TESTES  AND  EPIDIDYMI 

The  weights  of  testes  and  epididymi  unfortunately  were  not 
separated  in  some  cases,  which  {together  with  their  variability 
and  the  small  number  of  observations)  makes  conclusions  some- 
what difficult.  For  the  testis  (table  22  a),  the  clearest  case  is 
in  rats  held  constant  from  three  to  ten  weeks  of  age,  in  which 


iiid  epididymi;  average  absolute  weight,  average  percentage  of  n 
and  range  indicated 
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there  is  an  increase  from  0.144  gram  (0.57  per  cent  of  the  body- 
weight)  to  0.193  gram  (0.74  per  cent  of  the  body),  an  apparent 
increase  of  34  i>er  cent  in  the  absolute  weight.  (The  average 
net  body-weight  was  about  the  same  in  both  cases,  25.0  grams  in 
the  controls,  and  25.2  grams  at  ten  weeks). 

For  the  epididymi  (table  22  b),  the  conclusions  are  even  more, 
uncertain;  but  there  appears  to  be  a  slight  loss  in  the  relative 
weight  of  the  epididymi  in  rats  held  at  constant  body-weight  from 
the  age  of  three  to  six  and  ten  weeks. 

For  testis  and  epididymis  combined  (table  22  a)  there  appears 
to  be  an  increase  in  rats  held  at  constant  body-weight,  excepting 
the  period  from  six  to  thirty-two  weeks. 

While  no  final  conclusions  can  be  drawn,  the  evidence  indi- 
cates that  in  young  rats  held  at  constant  body-weight  there  is 
an  increase  in  the  weight  of  the  testis,  but  not  in  the  epididymis. 

During  inanition  in  adult  rats,  the  testes  and  epididymi  ap- 
parently lose  weight  in  about  the  same  proportion  as  the  entire 
body  (Jackson  '16  c). 

OVARIES 

In  rats  held  at  constant  body-weight  from  three  weeks  to  ten 
weeks  of  age,  there  would  appear  to  be  a  decrease  in  the  weight 
of  the  ovaries  (table  23)  from  0.0066  gram  (0.0068  gram,  less 
correction  for  difference  in  body-weight;  or  0.027  per  cent  of  the 
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body-weight)  to  0.0048  gram  (0.021  per  cent  of  the  body-weight). 
This  would  indicate  a  decrease  of  about  27  per  cent  in  absolute 
weight.  The  ovary,  however,  is  an  organ  which  (like  the  thyroid 
gland)  is  quite  variable  and  somewhat  difhcult  to  dissect  out  with 
accuracy,  so  a  much  larger  number  of  observations  would  be 
required  for  a  final  conclusion. 

HYPOPHYSIS 

In  the  hypophysis  (table  24)  there  is  normally  a  sexual  differ- 
ence in  weight,  observable  in  rats  above  50  grams  in  body-weight 
(Hatai  '13).  As  in  the  case  of  the  suprarenal  glands,  the  hypo- 
physis normally  becomes  relatively  heavier  in  the  female. 

In  the  rats  held  at  constant  body-weight  from  the  age  of  three 
weeks  to  six  weeks,  there  is  what  appears  to  be  a  sexual  differ- 
ence, the  one  male  with  a  hypophysis  of  0.0016  gram  (0.0068 
per  cent  of  the  body-weight),  while  the  two  female  hypophyses 
each  weigh  0.0018  gram  (0.0079  per  cent  of  the  body-weight). 
These  are  probably  mere  accidental  variations,  however,  as  in 
the  three  to  ten  weeks  series  the  difference  in  the  relative  weight 
is  insignificant  (0.0084  per  cent  of  the  body-weight  in  the  males, 
and  0,0086  per  cent  in  the  females).     In  any  event,  however, 
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there  appears  to  be  a  distinct  tendency  to  an  increase  in  the 
weight  of  the  hypophysis  in  rats  held  at  constant  weight  from 
three  to  ten  weeks  of  age.  In  absolute  weight,  this  corresponds 
in  "the  male  to  an  increase  from  0.00178  gram  to  0.0021  gram, 
an  increase  of  about  18  per  cent.  In  the  female,  the  corre- 
sponding increase  is  from  0.00168  gram  (0.00178  gram,  less  cor- 
rection for  difference  in  body-weight)  to  0.0020  gram,  an  increase 
of  19  per  cent. 

As  already  shown,  the  suprarenal  glands  differ  from  the  hy- 
pophysis in  that  they  undergo  a  marked  sexual  differentation  in 
weight  during  their  growth  while  the  body-weight  is  held  con- 
stant. The  impulse  to  sexual  differentiation  in  these  glands 
therefore  appears  stronger  in  the  suprarenals  than  4n  the  hy- 
pophysis. Final  conclusions  should  be  guarded,  however,  until 
a  larger  number  of  observations  is  available.  . 

In  the  adult  rat  during  inanition  the  weight  of  the  hypophysis 
decreases  in  nearly  the  same  proportion  as  the  body-weight 
(Jackson  '15  c). 

DISCUSSION 

With  reference  to  their  growth  tendency  in  young  rats  held 
at  constant  body-weight,  the  organs  may  be  divided  into  three 
classes:  (1)  those  in  which  the  growth  tendency  is  so  strong  that 
they  continue  to  increase,  even  when  the  body-weight  is  held 
constant;  (2)  those  which  approximately  hold  their  weight  con- 
stant under  these  conditions;  and  (3)  those  which  are  unable 
to  maintain  themselves  and  lose  in  weight. 

According  to  this  scheme,  the  organs  in  rats  held  at  constant 
body-weight  from  the  age  of  three  to  that  of  ten  weeks  are 
grouped  in  tabic  25.  No  grouping  of  this  sort  can  be  entirely 
satisfactory,  because  in  some  cases  organs  are  intermediate  in 
position,  and  especially  because  (as  has  been  diown)  in  many 
cases  the  weight  of  an  organ  will  vary  according  to  the  age  at 
which  the  experiment  was  begun  and  the  length  of  the  period. 
For  example,  the  liver,  which  in  the  three-to-ten  weeks  experi- 
ment shows  but  a  shght  gain,  shows  a  larger  gain  at  earlier  times, 
and  a  loss  at  later  and  longer  periods. 
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On  the  whole,  however,  the  grouping  suffices  to  give  a  good 
view  of  the  results.  Group  I  shows  the  organs  with  marked 
growth  tendency  to  be  the  skeleton,  eyeballs,  spinal  cord,  ali- 
mentary canal,  testes,  hypophysis  and  suprarenal  glands.  Group 
IT,  which  approximately  maintains  constant  weight,  includes  the 
musculature,  brain,  heart,  kidneys  and  liver.  Group  III,  those 
which  fail  to  maintain  their  weight  when  the  body-weight  is  held 
constant,  includes  the  integument,  lungs,  thyroid  gland,  ovaries, 
spleen  and  thymus. 

In  the  same  table  25  for  convenience  of  comparison  are  also 
grouped  the  various  organs  of  the  adult  rat  according  to  their 
relative  loss  in  weight  during  chronic  inanition  (Jackson  '15  c). 


Comparison  of  growth  tendency  in  young  raU  held  at  constant  body-weight  from  age  of 
three  to  ten  xeeeki  utiJA  tendency  to  maintenance  in  adult  Tats  during  chronic  inani- 
tion. The  jiguTes  indicate  the  apparent  average  percentage  gain  or  lost  in  ahtolute 
vtight  during  the  period  of  experiment 
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This  enables  us  to  answer  the  question  as  to  whether  the  organs 
in  young  animals  held  at  constant  body-weight  (and  thus  sub- 
jected to  a  chronic  inanition)  behave  in  a  manner  similar  to 
adult  rats  durii^  chronic  inanition.  In  many  cases,  the  group- 
ing shows  an  agreement.  The  skeleton,  eyeballs,  spinal  cord  and 
suprarenal  glands  have  a  strong  growth  tendency  in  young  held 
at  constant  body-weight,  and  also  a  strong  tendency  to  main- 
tain th«ir  original  weight  in  adults  subjected  to  chronic  inani- 
tion. The  musculature,  heart  and  kidneys  approximately  main- 
tain their  weight  in  young  held  constant,  and  maintain  their 
relative  weight  in  adults  during  chronic  inanition.  In  the  major- 
ity of  cases,  however,  the  behavior  of  organs  in  the  young  differs 
materially  from  that  in  the  adult.  Thus  the  alimentary  canal 
has  a  marked  growth  in  the  young  at  constant  weight,  yet  it 
loses  heavily  during  adult  inanition.  The  converse  is  apparently 
true  of  the  thyroid  gland.  To  a  greater  or  less  degree,  this 
inconsistency  is  seen  in  the  case  of  most  of  the  organs,  as  is 
evident  from  table  25. 

This  inconsistency  is  perhaps  to  be  explained  in  the  following 
manner.  In  the  adult  during  inanition  the  various  organs  lose 
weight  relatively  in  inverse  ratio  to  the  ability  of  their  cells  to 
extract  nutrition  from  the  diminishing  quantity  available  in  the 
surrounding  medium  and  to  maintain  equilibrium  under  these 
adverse  conditions.  In  the  young  animal  held  at  constant  body- 
weight,  the  conditions  differ  in  that  the  corresponding  cells  have 
the  capacity  not  only  to  maintain  themselves,  but  to  grow.  The  ■ 
growth  capacity,  as  is  well  knowji,  is  different  from  and  to  some 
extent  independent  of  the  maintenance  capacity.  The  adult 
has  lost  the  capacity  to  grow,  whereas  the  young  animal  has 
both  the  powers  of  growth  and  maintenance.  Hence  their  organs 
behave  differently  during  inanition.  The  alimentary  canal,  for 
example,  apparently  has  a  strong  growth  tendency,  but  a  weak 
power  of  maintenance. 

It  is  further  evident,  however,  that  even  the  growth  capacities 
of  the  various  tissues  and  organs  differ  relatively  from  each  other 
under  different  planes  of  nutrition.  Thus  under  normal  con- 
ditions of  growth  in  the  rat  between  three  and  ten  weeks  of  age 
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the  rmiscular  system  shows  the  strongest  growth  capacity,  and 
increases  with  greater  relative  rapidity  than  any  other  system 
(Jackson  and  Lowrey).  The  skeleton  is  of  course  growing  stead- 
ily, but  at  a  much  slower  rate,  so  that  it  is  decreasing  in  relative 
(percentage)  weight.  Under  the  adverse  nutritive  conditions 
in  young  animals  when  the  body-weight  is  held  constant,  how- 
ever, the  musculature  is  barely  able  to  maintain  its  weight, 
while  the  skeleton  is  able  to  absorb  more  than  its  share  of  the 
available  nutrition,  and  to  grow  steadily  (though  at  a  retarded 
rate).  There  are  similar  differences  among  many  of  the  indi- 
vidual organs,  though  in  some  cases  (e.g.,  liver,  alimentary  canal) 
there  is  a  certain  degree  of  parallelism  between  the  normal  growth 
tendency  and  the  behavior  when  the  body-weight  is  held  con- 
stant at  corresponding  periods. 

That  also  the  power  of  maintenance  may  vary  in  organs 
according  to  the  nutritional  conditions  is  shown  by  the  char- 
acteristic differences  in  the  losses  of  organ-weight  in  chronic 
inanition  as  compared  with  acute  inanition  in  adults  (Jackson 
'15  a,  '15  c). 

Finally,  it  should  be  remembered  that  the  results  of  the 
present  paper,  as  well  as  those  concerning  adult  chronic  inanition 
in  a  previous  paper  (Jackson  '15  c),  are  based  upon  the  use  of  a 
diet  wholesome  and  balanced,  but  insufficient  in  quantity.  It 
is  probable  that  more  or  less  different  results  would  follow 
from  other  forms  of  inanition,  such  as  'partial  inanition'  from  a 
chenucally  defective  or  highly  unbalanced  diet.  For  example, 
Hatai  ('15)  finds  a  pronounced  atrophy  of  the  testis  and  other 
characteristic  changes  in  albino  rats  whose  growth  had  been 
retarded  by  a  'lipoid-free'  ration.  Bowin  ('80),  however,  in 
dogs  and  rabbits  fed  dry  food  only  (no  water)  found,  with  a 
loss  of  about  50  per  cent  in  body-weight,  the  losses  in  organ- 
weight  similar  to  those  followii^  total  hunger. 
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SITHMARY 

The  principal  results  of  the  present  paper  may  be  summarized 
briefly  as  follows: 

Young  albino  rats  may  be  held  at  constant  body-weight  for 
considerable  periods  by  underfeeding.  The  amoimt  of  food 
required  for  this  purpose  decreases  as  the  experiment  proceeds. 

As  to  the  body-proportions,  the  relative  weights  of  the  head, 
trunk  and  extremities  remain  practically  unchanged  during  the 
experiment.  There  is  apparently  a  slight  increase  in  the  head, 
counterbalanced  by  a  corresponding  decrease  in  the  trunk  and 
extremities,  but  the  change  is  so  slight  as  to  seem  of  doubtful 
significance. 

Of  the  systems— int^ument,  skeleton,  musculature,  viscera 
and  'remainder'— there  is  but  little  change  in  the  weights  of  the 
musculature,  visceral  group  (as  a  whole)  and  'remainder.'  There 
is,  however,  a  marked  decrease  in  the  weight  of  the  integument, 
counterbalanced  by  a  marked  increase  in  the  skeleton.  Thus  on 
the  low  plane  of  nutrition  in  the  young  body  maintained  at  con- 
stant weight,  the  growth  capacity  appears  weakest  in  the  skin 
and  strongest  in  the  skeletal  system.  This  is  in  striking  contrast 
with  the  normal  growth  process  of  corresponding  ages,  during 
which  the  musculature  increases  with  relatively  great  rapidity 
and  the  skeleton  lags  behind  relatively. 

The  increase  in  the  skeleton  during  constant  body-weight 
appears  to  involve  the  hgaments  as  well  as  the  cartilages  and 
bones.  The  skeletal  growth  tends  to  proceed  along  the  lines  of 
normal  development,  as  indicated  by  decrease  in  the  water- 
content,  and  by  formation  and  union  of  various  epiphyses. 
Another  evidence  of  the  tendency  to  normal  development  of  the 
skeleton  is  seen  in  the  increased  relative  length  of  the  tail  as 
compared  with  the  body-length.  The  teeth  also  continue  to 
develop  normally  (formation  and  eruption  of  the  third  molars). 

The  individual  viscera  may  be  classified  in  three  groups: 

(1)  There  is  during  the  maintenance  of  constant  body-weight 
in  young  rats  a  well-marked  increase  in  the  weights  of  the  eye- 
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balls,  spinal  cord,  alimentary  canal  (both  empty  and  including 
contents),  testes,  hypophysis  and  suprarenal  glands.  The 
suprarenals  undergo  sexual  differentiation  in  weight  (as  occurs 
normally),  but  the  hypophysis  apparently  does  not. 

(2)  There  is  no  marked  change  in  the  weights  of  the  brain, 
.  heart,  kidneys  and  epididymi.    The  liver  is  variable,  showing  a 

definite  increase  in  the  earlier  periods,  but  a  decrease  later.  The 
lui^s  show  a  slight  decrease  in  the  early  periods,  but  not  in 
later. 

(3)  There  is  a  well-marked  decrease  in  the  weights  of  the 
thymus  ('hunger  involution'),  spleen,  thyroid  gland  and  ovaries. 

When  the  organs  are  similarly  grouped  according  to  degree  of 
loss  during  chronic  inanition  in  the  adult  (slight  loss,  loss  pro- 
portional to  body,  and  loss  greater  than  body),  many  differences 
are  found  on  comparison  with  the  corresponding  groups  in  the 
young  during  constant  body-weight.  This  is  explained  as  due  to 
to  the  presence  of  both  the  growth  tendency  and  the  (more  or 
less  different)  maintenance  tendency  in  the  young  animals, 
whereas  in  the  adult  there  is  only  the  tendency  to  maintenance. 
Both  the  growth  tendency  and  the  maintenance  tendency, 
however,  show  characteristic  differences  in  the  various  organs 
according  to  nutritional  conditions  (normal  nutrition,  acute  or 
chronic  inanition). 
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OBSTACLES  TO  BBSEABCBi 
The  dut7  of  the  universit?  to  inveetigato 
tlie  imlmowii  as  well  as  to  teach  the  Imown  ia 
clearly  evident.  In  th«  performauce  of  this 
<]ut7>  the  importance  of  research  work  is  em- 
phasized in  man?  ways.  Promise  of  prodne- 
tive  scholarship  is  a  leading  qualification  de- 
manded in  selecting  members  of  the  faculty. 
Encouragement  and  facilities  for  original 
work  are  freely  provided.  And  yet  we  must 
confess  that  tlie  outeome,  broadly  speaking, 
is  somewhat  disappointing,  both  here  and  in 
other  universities.  It  is  true  that  the  reenlts 
in  some  departments  and  in  man;  individual 
ctises  are  satisfactory.  On  the  whole,  never- 
theless, considering  our  great  opportunities, 
we  seem  to  add  relatively  little  to  the  sum 
total  of  human  knowledge.  Why!  X  recog- 
nition of  the  obstacles  to  researoh  might  en- 
able OS  in  some  measure  to  overcome  them. 
At  any  rate,  the  problem  is  worthy  of  our 
earnest  and  careful  consideration. 

Let  US  consider  the  problem  from  the  bio- 
logical point  of  view.  The  accomplishment  of 
every  human  being  (as  of  all  living  things)  ia 
the  resultant  of  two  factors:  heredity  and 
environment.  In  research  work,  as  in  aU 
other  lines  of  aotivi'^,  the  limita  of  possible 
achievement  for  each  individual  depend  upon 
his  innate  talent,  established  through  heredity. 
Within  these  limits,  however,  the  realitation  ■ 
of  possibilities  is  conditioned  by  the  environ- 
ment. We  must  therefore  distinguish  clearly 
between  (possible)  capability  or  capacity  and 
(actual)  accomplishment  in  the  field  of  orig- 
inal investigation. 

I  An   address   delivered    before    the   Minnetota 
Chapter  of  the  Sigma  Xi  Society,  October  21, 1&15. 
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The  first  and  most  important  obstacle  in  re- 
search work  Is  accordingly  the  limitation  of 
capacit7,  which  is  determined  by  heredi^. 
Since  it  is  now  too  l&te  to  qnarral  with  our 
ancestors  concerning  the  matter,  aa  individ- 
nals  we  ma;  as  well  reoognife  this  aa  an  in- 
nirmoTmtable  obstacle.  From  the  broad  uni- 
versity point  of  view,  this  fondamantal  ob- 
atade  mi^  be  partially  ronoTed  by  preat  car* 
in  the  selection  of  &calty  members.  Ge- 
niuses are  scarce,  lioweTn,  and  competition  for 
them  vtsrj  strong;  so  it  is  inevitable  that  even 
in  the  strongest  universities  the  faculties  mnat 
be  made  up  of  men  widi  varying  degieea  of 
innate  talent. 

But  while  our  heredi^  is  beyond  our  oon- 
trol,  our  environment  is  not.  At  least  we  can 
modify  the  environment  to  a  considerabla 
extent.  And  this  is  a  fact  of  tzemendouc 
practical  importance.  After  ell.  environment 
does  play  an  important  port  in  determining 
both  the  quantity  and  the  quali^  of  our  per- 
formance in  all  lines,  including  researoh  woriL 
If  the  SDvirotunent  is  suffieisntly  unfavoraUa, 
even  the  highest  gemus  is  sterila.  Of  two  men 
with  equal  native  ability,  one  with  better  oppor- 
tuni^  may  be  far  more  richly  prodnotive  than 
the  other.  It  is  a  ease  of  seed  and  soil  The 
result  is  detormined  by  heredity  plus  environ- 
ment; or  perhaps  better,  haedity  timet  asvi- 
ronment. 

Gmiuses  are  sometimes  able  to  accomplish 
a  great  deal,  even  in  a  relatively  unfavorable 
environment;  but  fortunately  reaearoh  work  is 
not  a  province  reeraved  exclusively  for  genius. 
It  is  encouraging  to  most  of  us  to  remember 
that  the  army  of  investigation  requires  private 
soldiers,  as  well  as  officers  of  various  grades. 
Even  moderate  capacity  does  not  preclude  re- 
searoh work  of  real  value.  As  exioessed  by 
John  Hunter: 

A  man  with  a  anStelent  fund  of  knowledge,  and 
a  close  ^tplicstion  to  one  art  or  tdenee,  will  make 
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great  improTementa  in  it  thodEli  Iii)  t&lenta  mftT 
not  be  the  b«at;  or,  in  other  words,  tbongh  ha  b* 
not  a  great  genius. 

Conqueriiig  ihe  unknown  in  the  fidd  of 
knowledge  is  aomewhat  like  ciTilization  in- 
vading  a  new  tenritor;-  A  few  bold  and 
talented  explorers  may  lead  the  wa?  and  blaze 
out  new  paths  in  the  wilderneee;  bat  their  ez- 
cTureiona  would  be  fmitleflB  nnless  followed  np 
by  pioneer  Bettlers,  who  by  ardnons  labor 
develop  the  country  and  render  its  reeourooB 
available  for  mankind.  Moreover,  even  the 
explorer  is  in  many  ways  largely  dependent 
npon  the  knowledge  and  equipment  fnmiabed 
by  others,  his  predeceesora  and  hia  supporters. 

Likewise,  in  the  exploration  of  the  field  of 
knowledge^  there  is  work  for  alL  The  history 
of  science  abundantly  proves  that  brilliant 
discoveries  and  important  generalizations 
usually  rest  upon  a  long  seriea  of  accurate  ob- 
servations, requiring  care  and  patisQces  bat 
not  great  genius.  A.  classical  example  is  that 
of  Kepler's  laws  of  planetary  motion,  founded 
upon  the  extensive  astronomical  obeervationB 
by  Tycho  Brahe.  In  biol<^^,  to  substantiata 
and  support  the  cdl-doctrine  of  Schleidm  and 
Schwann,  and  the  doctrine  of  organic  evola- 
tion  of  Darwin,  has  required  an  immense 
amount  of  patient  labor  by  a  multitude  of 
observers  during  the  past  centnry.  Other  ex- 
amples could  easily  be  cited  in  various  fields. 
The  plodders  as  well  as  the  geniuses  should 
receive  their  due  share  of  credit  for  the  prog- 
ress of  science. 

The  production  of  research  work  of  merit  is 
thus  within  the  capabilities  of  every  one 
worthy  of  membership  in  a  university  faculty. 
Doubtless  some  who  are  talented  predomi- 
nantly as  teachers  should  devote  themaetves 
chiei^  to  this  field,  and  others  are  especially 
fitted  for  administrative  work;  but  it  is  desir- 
able that  every  one  should  participate  to  at 
least  a  slight  extent  in  research  work.    As  a 
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matter  of  fact,  ve  maj  go  still  fnrtheor  in 
urging  that  the  spirit  of  ecientifio  reeearoh 
Bhould  pervade  all  education,  from  the  kinder- 
garten to  the  univeTBity.  Hankmd  in  general 
is  still  far  from  appreciating  the  faot  that  ihe 
method  of  science  is  not  a  mysterions  gift  of 
genius,  but  a  practical  tool  in  the  discoTer;  of 
facts  and  in  their  application  to  the  problema 
of  ereirdoj  life.  As  Professor  Bemsen  bo 
aptl^  expressed  it  iu  his  address  at  the  dedica- 
tion of  the  chemistry  building  of  the  UnlTer- 
sity  of  Minnesota  last  rear,  the  scientific 
method  is  essentially  this:  "First  study  tlia 
facts ;  then  draw  your  oonclusiona  from  them." 

From  this  point  of  view,  all  our  problema 
tlus  become  research  problems;  and  education 
is  able  to  teach  us  how  to  solve  them  ^ciently 
in  proportion  to  the  extent  to  which  training 
is  provided  in  the  methods  of  original  inyes- 
tigntion.  Thus  all  eduoation  should  provide 
training  in  scientifio  research,  differing  in 
degree  rather  than  in  principle  as  we  pass  from 
dementary  to  higher  education.  Fresidrat 
Hill  (in  a  recent  commencement  address  at 
the  TTniversil?  of  Minnesota)  has  well  said 
that  "  The  teacher  should  arouse  the  spirit  of 
discovery  as  the  first  step  in  the  process  of 
learning."  X  more  general  recognition  of  the 
significance  of  scientific  research  for  ednca* 
tion,  a  correction  of  the  prevalent  error  that 
research  is  a  matter  concerning  only  a  chosen 
few,  would  remove  an  obstacle  viadi  prevents 
a  more  generous  support  of  higher  scientifio 
investigation. 

While  all  instruction  should  be  permeated 
with  the  research  spirit,  a  conscious  effort 
should  be  made,  especially  in  the  umversity, 
to  aingle  out  as  early  as  possible  those  students 
showing  unusual  talent  for  original  work,  and 
to  give  them  particular  aid  and  encoursgement. 
We  must  constantly  emphasize  the  necessity 
for  recognition  of  unusual  talent,  since  other- 
wise our  entire  time  and  energy  will  tend  to 
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be  exbaueted  in  caring  for  tbe  Urgrer  number 
reprssenting  mediocrity.  Tbis  subject  la  well 
discussed  in  a  recent  report  of  the  niboom- 
mittee  on  the  selectioQ  and  training  of  sta- 
dents  for  research  (Committee  of  One  Hun- 
dred of  the  American  Association  for  the  Ad- 
nmoement  of  Science),  published  in  SonEHOBt 
September  17,  1915. 

It  ia,  faowerer,  not  my  present  purpose  to 
consider  the  message  of  science  for  eduoation 
in  gen«al,  but  rather  to  discuss  the  specific 
obstacles  met  by  universi^  workers  in  the 
field  of  original  iuveetigation.  Since  we  can 
not  change  our  beredil?,  poesibilitiea  for  im- 
prorement  must  be  found  in  the  environment. 
What  factors  in  our  environment  affect  OOP 
scientific  productivity  I 

We  might  claaeify  the  enviromnental  factors 
affecting  our  research  work  in  two  groups: 
mental  and  physical.  In  the  first  rank,  I 
would  place  the  factors  determining  onr  mental 
attitude  toward  research.  I  suspect  that  in- 
vestigation lags  more  frequently  from  lack  of 
sustained  interest  than  from  any  other  causa. 
It  is  doubtless  true  that  one  it  usually  most 
interested  in  what  one  can  do  especially  weQ. 
And  research  ability,  as  we  have  already  noted, 
is  largely  a  hereditary  matter.  Nevertheless, 
our  mental  attitude  is  unquestionably  influ- 
enced in  large  measure  by  the  opinion  of  our 
colleagueB.  Appreciation  by  one's  fellows  ia 
a  roost  powerful  stimulus.  Thus  a  general 
recognition  of  good  research  work  will  greatly 
onoourage  the  worker  to  persist  in  spite  of  all 
obstacles.  If  Sigma  Xi  con  succeed  in  estab- 
lishing a  more  enthusiastic  eaprit  de  corps 
among  investigators,  it  will  greatly  help  the 
cause  of  scientific  research. 

The  physical  factors  affecting  research  work 
are  also  of  importance.  The  obstacles  under 
this  group  include  lack  of  material  facilities, 
lack  of  time  and  lack  of  organization.  Each 
of  these  may  be  bri^y  considered  in  turn. 
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The  material  facilitiea  neoeesBr;  for  re- 
Bearch  include  laboratoriee  and  equipment  of 
various  kinds,  supplies,  instmmentB,  technical 
assistants,  books,  etc.  It  is  customai?  to  cita 
lack  of  adequate  facilities  of  this  kind  to  ex- 
plain shortcomings  in  sclentifio  prodoctivi^. 
And  there  is  no  doubt  that  more  generous  pro- 
vision for  these  things  would  greatly  faoilitata 
many  lines  of  research  work.  But,  generally 
speaking,  I  believe  that  this  factor  is  some- 
what overrated.  The  man  who  does  nothing 
because  facilities  are  inadeqaate  would  usually 
accomplish  but  little  even  with  unlimited  re- 
sources. On  the  other  hand,  the  man  whose 
heart  is  in  his  research  work  wiD  rarely  fail 
to  secure  adequate  support,  if  he  perseverea 
and  demonstrates  his  int^^eet  and  capabili^. 

Inadequate  support  of  research  work  is 
sometimes  ascribed  to  lack  of  appreciation  on 
the  part  of  university  administrative  cAceis, 
who  control  the  purse-strings.  This  is  usually 
an  unjust  accusation.  University  offioem  as 
a  rule  are  keenly  anxious  to  encourage  and 
support  research  work,  but  tbc^  in  turn  an 
always  more  or  less  hampered  by  financial 
limitations.  With  the  present  evidently  in- 
creasing popular  interest  in  and  appreciation 
of  scientific  work,  however,  we  may  confidently 
expect  in  the  future  more  generous  provision 
of  funds  availahle  for  this  purpose.  Even  the 
"  man  in  the  Street "  can  see  how  Germany  has 
increased  her  efBcien<7  by  systematic  encour- 
agement of  scientific  research.  America  is 
likewise  beginning  to  realize  that  this  is  not 
a  luxury  but  a  necessity,  for  which  generous 
support  must  be  provided. 

Even  more  than  lack  of  facilities,  lack  of 
time  is  an  obstacle  very  frequently  encountered 
by  university  research  workers.  Many  uni- 
versity men  are  carrying  a  burden  of  routine 
teaching  which,  if  well  done,  must  greatly  mi- 
croach  upon  the  time  absolutely  essential  for 
serious  research  work.    In  many  cases,  a  con- 


□  igitized  by  Google 


eiderable  amount  of  routiae  administeatiTa 
duties,  committee  work,  etc,  ia  added.  Under 
these  conditiona,  which  shall  be  neglected— 
teaching,  sdministratiTe  work,  or  reeearcht 
Or  should  one  riab  the  danger  of  overwork  b; 
trying  to  keep  up  with  allt  Surd?  this  is  a 
question  hard  to  answer.  The  proper  B<dnti<ai 
is  of  course  to  provide  a  sufficient  staff  to 
handle  the  routine  teaching  an^  administra- 
tion, and  at  the  aame  time  leave  adequate  time 
free  for  research.  In  a  rapidl;  growing  uni- 
versity, however,  it  is  difficult  to  make  this 
proTiBion.  But  conditions  are  improving  in 
this  respect,  and  comparatively  few  men  are  so 
overburdened  with  routine  work  as  to  pre- 
clude a  reasonable  amount  of  time  for  re- 
search. 

Lack  of  time  for  reeearch  work  is  often  due 
not  BO  much  to  the  actual  amount  of  other 
work  as  to  waste  of  tim&  Bj  carefully  plan- 
ning our  university  work,  much  time  oonld  be 
saved.  There  is  too  much  "  scatterment.''  AQ 
too  freonently  we  allow  minor  routine  dutiea 
to  break  in  at  all  times.  These  minor  details 
should  be  concentrated  so  far  as  possible  at 
certain  designated  periods,  so  as  to  leave  un- 
interrupted consecutive  time  free  for  reeearch. 
A  Bet  of  office-hours  eetabliahed  and  rigidly 
kept  will  gain  a  surprisingly  large  amount  of 
time  otherwise  frittered  away.  Thus  one  seri- 
ous obstacle  to  reeearch  may  be  readily  re- 
moved. 

Finally,  I  b^eve  that  another  obstacle  of 
importance  in  many  cases  is  the  lack  of  ■ 
proper  organization  of  the  research  work  itself. 
For  the  beet  reeults,  careful,  systematic  plan- 
ning is  necessary.  Too  often  investigatioD  is 
taken  up  in  a  haphazard  sort  of  way,  which  is 
likely  to  result  in  failure.  While  no  rule  can 
be  made  which  will  apply  to  all  cases,  it  is 
certainly  true  that  the  topic  to  be  investi- 
gated should  be  carefully  considered  before 
the    work    is    undertaken.      The    literature 
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should  be  scanned  Bufficientl?  to  make  sure  that 
the  contemplated  problem  has  not  already  beoi 
solved,  and  to  render  available  the  ezperienoe 
of  others  in  similar  fields.  Work  should  not 
be  undertaken  until  the  neoessai;  facilities 
are  assured  to  carry  it  through.  In  general,  a 
broad  fundamental  problem  of  which  success- 
ive phases  ma;  be  worked  out  through  a  soiei 
of  years  will  prove  more  profitable  than  a  oum- 
ber  of  shorter,  unrelated  subjects  of  investi- 
gation. Wherever  possible,  cooperation  with 
one's  students  or  colleagues  in  research  will 
usually  yield  better  reeults,  from  the  stand- 
point of  economy  in  time  and  cost,  than  will 
individual  efforts.  Such  matters  may  seem 
self-evident  to  some  and  trivial  to  others;  bat 
I  feel  sure  that  in  many  cases  more  attention 
to  them  would  be  well  worth  while.  In  shorty 
system  is  as  necessary  for  efficiency  in  research 
as  in  any  other  kind  of  work. 

In  condusion,  the  main  points  may  be  eni' 
phasized  as  follows:  Obstadee  to  achievement 
in  research  ere  due  partly  to  inherwit  or  hered- 
itary limits  of  capacity,  and  partly  to  enviroD' 
mental  factors.  The  latter,  which  are  to  some 
extent  within  our  control,  include  factors 
determining  the  mental  attitude,  which  is  of 
primary  importance.  The  remaining  factors 
include  the  material  facilities,  increased  eup- 
port  for  which  depends  chiefly  upon  better  ap- 
preciation by  the  public  of  the  value  of  scien- 
tific work.  Lack  of  time  is  often  another  im- 
portant obstacle,  which  in  part  may  be  over- 
come by  a  more  economic  arrangement  of 
routine  duties.  Finally  an  obstacle  in  many 
cases  is  the  lack  in  the  research  work  itself  of 
^Btematic  planning  and  organisation,  which 
is  necessary  for  the  highest  efficiency. 

C.  M.  Jaoebos 

iNSTrruTE  or  An*tomv, 
TjNivnisiTT  or  Minnisota, 
Minneapolis 


Digitized  by  Google 


THE  NERVUS  TERMINALIS  IN  MAN  AND  MAMMALS' 
J.  B.  JOHNSTON 

Department  of  Anatomy,  Universily  of  Minnesota 


It  is  over  nineteen  years  since  Pinkus  ('94)  first  called  attention 
to  a  'new  nerve'  attached  to  the  telencephalon  of  Protopterus, 
and  thirty-five  years  since  the  first  record  of  this  nerve  having 
been  seen  in  a  shark  (Fritsch  '78),  The  forms  in  which  this 
nerve  has  now  been  recorded  and  its  chief  characters  have  been 
briefly  summarized  in  the  writer's  previous  communication  ('13). 
In  that  paper  the  existence  of  a  true  ner\iis  terminalis  in  human 
and  certain  mammalian  embryos  was  clearly  established.  At  the 
same  time  McCotter  ('13)  pointed  out  the  existence  of  the  nerve 
in  the  adult  cat  and  dog.  Huber  and  Guild  ('13)  have  since 
studied  the  peripheral  relations  of  the  nerve  in  the  rabbit  in 
late  foetal  stages  and  during  the  first  six  days  after  birth. 

The  purpose  of  the  present  note  is  to  call  attention  to  the 
presence  of  the  nervus  terminalis  in  certain  other  adult  mammals 
in  the  hope  that  a  larger  number  of  workers  may  undertake  the 
study  of  its  central  and  peripheral  relations.  At  the  present 
time  it  is  clear  that  at  least  a  part  of  the  nerve  is  distributed  to 
the  mucosa  of  the  nasal  sac  and  in  mammals  accompanies  the 
vomero-nasal  ner\'e.  A  part  of  the  nerve,  however,  in  mammals 
clearly  goes  beyond  the  limits  of  the  vomero-nasal  organ.  In  the 
rabbit  it  spreads  over  a  rather  wide  area  of  the  nasal  septum  (Hu- 
ber and  Guild).  The  ner\'e  is  usually  accompanied  by  ganglion 
cells,  which  Brookover  ('10)  believed  to  be  sympathetic  in  char- 
acter. Huber  and  Guild  inchne  to  the  same  conclusion.  Al- 
though the  central  relations  of  the  ner\'e  have  been  studied  by 
special  methods  by  Herrick  ('09),  Sheldon  ('09)  and  McKibben 
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('11)  it  is  still  not  known  whether  its  fibers  are  all  afferent,  or 
whether  some  or  all  of  the  fibers  arise  from  cells  within  the  brain. 
In  the  latter  case  they  might  be  considered  preganglionic  fibers 
of  the  sympathetic  system.  The  present  state  of  our  knowledge 
suggests  the  probable  presence  of  both  afferent  and  efferent  com- 
ponents in  the  series  of  vertebrates.  The  wide-spread  presence  of 
the  nerve  in  adult  mammals,  including  man,  should  add  interest 
to  the  study  of  its  relations. 

The  pig.  In  my  previous  communication  it  was  stated  that 
the  nerve  had  not  been  seen  in  73  and  90  mm.  pigs.  Since  then  it 
has  been  found  by  dissection  in  numerous  pig  foetuses  ranging 
from  50  mm.  to  full  term.  The  brain  of  the  adult  pig  has  not 
been  examined. 

The  horse.  Figure  1  shows  the  proximal  portion  of  the  right 
nervus  terminalis  in  the  brain  of  an  adult.  The  figure  shows  a 
small  portion  of  the  basal  surface  of  the  brain  between  the  olfac- 
tory trigon  and  the  median  fissure.  A  part  of  the  anterior  cere- 
bral artery  is  seen  in  the  right  hand  part  of  the  figure.  The 
plexus  of  small  vessels  hes  immediately  upon  the  brain  substance, 
the  nervus  terminalis  lies  outside  of  them  and  is  in  turn  covered 
by  the  pia.  The  nerve  has  about  fourteen  rootlets  which  enter 
the  brain  along  the  rostral  and  medial  border  of  the  medial  ol- 
factory tract.  The  rootlets  unite  by  twos  and  threes  and  events 
ually'form  a  common  nerve  trunk.  Upon  the  largest  one  of 
three  main  roots  into  which  the  rootlets  unite,  as  seen  in  the 
figure,  there  is  an  obvious  gangUon.  The  nerve  trunk  extends 
forward  nearly  parallel  with  the  olfactory  peduncle  to  a  point 
opposite  the  rostral  border  of  the  olfactory  bulb,  where  it  is 
lodged  in  the  pial  septum  between  the  hemispheres.  Here  the 
nerve  had  been  cut  off  in  removing  the  brain  from  the  skull. 

The  ner\'e  of  this  side  was  removed  after  drawing  and  cut  into 
three  pieces  for  staining.  The  distal  piece  was  treated  with  vom 
Rath's  picro-osmo-palatino-acetic  mixture,  cleared  in  cedar  oil 
and  mounted  in  damar.  It  contains  three  fairly  well  meduUated 
fibers  and  seven  or  eight  fibers  which  were  lightly  and  irregularly 
blackened.  The  middle  piece  was  stained  in  a  mixture  of  ni- 
grosin  and  acid  fuchsin  but  a  differential  staining  of  nerve  fibers 
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and  connective  tissue  was  not  obtained.  The  proximal  piece  in- 
cluded a  part  but  not  all  of  the  ganglion  seen  in  figure  1.  The 
piece  was  stained  in  neutral  red.  A  number  of  cells  were  found 
scattered  along  this  piece  and  the  portion  of  the  ganglion  con- 
sisted of  about  twenty  closely  packed  cells  \'arying  in  size.     .A^U 


s  terminalis  in  the  horse,  right  aide.    Description  in 

the  cells  had  large  nuclei  with  prominent  nucleoli.  Although  the 
Nissl  bodies  were  not  clearly  stained,  owing  to  unsatisfactory  fixa- 
tion, there  is  no  doubt  that  the  cells  are  nerve  cells.  Two  nerve 
cells  were  seen  also  in  the  piece  stained  by  nigrosin. 

The  nerve  on  the  left  side  of  this  brain  is  similar  to  this  although 
it  differs  in  the  number  and  arrangement  of  rootlets. 
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The  sheep.  Three  brains  of  the  adult  sheep  have  been  ex- 
amined. The  nerve  was  not  found  in  the  first  but  was  present 
in  the  other  two.  In  one  of  these  brains  (fig.  2)  there  was  a  single 
strand  on  the  right  side  and  two  strands  on  the  left.  One  of  the 
latter  strands  presented  three  conspicuous  ganglion-like  enlarge- 
ments. Upon  staining  and  mounting  these  proved  to  be  true 
ganglia.  The  nerve  of  the  right  side  contained  single  ganglion 
cells  scattered  along  its  course,  two  collections  of  six  or  eight  cells 
each  and  a  ganglion  at  its  distal  end  larger  than  any  one  of  the 
three  on  the  left  side.  A  piece  of  the  left  nerve,  treated  in  vom 
Rath's  fluid,  showed  a  single  lightly  medullated  fiber. 

The  porpoise.  I  am  indebted  to  Mr.  W.  F.  Allen  of  this  lab- 
oratory for  the  brain  of  a  porpoise  (Phocaena)  preserved  in  Bouin's 
fluid.  The  brain  of  the  porpoise  has  a  very  broad,  rounded  frontal 
lobe  {fig.  3),  the  optic  tracts  diverge  very  widely  and  the  anterior 
perforated  space  is  greatly  elongated  from  side  to  side.  In  the 
absence  of  the  olfactory  bulb  and  peduncle  the  topographical  re- 
lations in  this  part  of  the  brain  must  be  based  chiefly  on  the  ex- 
tent of  the  anterior  perforated  space.  Upon  the  basal  aspect  of 
the  frontal  lobe  there  are  seen  beneath  the  pia  seven  slender 
strands  which  converge  forward  to  a  point  corresponding  as 
nearly  as  may  be  judged  to  the  point  at  which  the  ner\-us  termi- 
nahs  was  cut  off  in  the  horse's  brain.  Here  likewise  the  nerve 
had  been  cut  in  removing  the  brain.  Proximally  the  strands  enter 
the  brain  over  a  wide  area.  The  most  lateral  one  enters  the  lat- 
eral part  of  the  anterior  perforated  space.  The  most  medial 
strand  runs  along  the  median  fissure  and  bends  up  on  the  medial 
surface  to  penetrate  the  brain  in  the  fissura  prima  on  this  medial 
surface  (fig.  4).  Two  strands  follow  the  anterior  cerebral  artery 
in  the  median  fissure  and  bend  laterad  with  it  almost  in  contact 
with  the  rostral  surface  of  the  optic  chiasma  and  enter  the  brain 
in  the  depth  of  the  fissura  prima  on  the  basal  aspect.  The  nerves 
of  the  left  side  have  been  described  and  drawn;  those  of  the  right 
side  have  a  similar  arrangement.  The  nerves  are  relatively 
larger  than  in  the  horse  and  are  more  closely  applied  to  the  brain 
surface  throughout  their  course.  They  differ  also  in  that  the 
rootlets  are  flattened  strands  which  run  for  a  longer  distance  be- 
fore uniting. 
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Fig.  2    NervuB  terminalis  in  the  sheep;  g,  ganglia;  ek.op.,  optio  chiasma. 

Pig.  3  Basal  aspect  of  the  brain  of  the  porpoise;  t.p.a.,  subatantia  perforata 
Ulterior.  The  broken  line  bounding  this  rostrally  marks  a  small  sulcus  occupied 
by  a  blood  vessel.  Three  of  the  rootlets  penetrate  the  brain  beneath  this  vessel. 
X  indicates  point  at  which  a  root  was  broken  in  dissection. 
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The  seven-months  foetus  had  been  in  formalin  for  at  least  six 
years  and  had  not  been  fresh  enough  for  histological  study  when 
preserved.  The  brain  was  rather  soft  and  the  tissues  tough,  so 
that  the  attempt  to  trace  the  nerve  into  the  nose  had  to  be  given 
up.  The  brain  was  carefully  removed  and  upon  examination 
under  the  Greenough  binocular,  two  transparent  ner\'e  strands 
were  seen  (fig.  6)  upon  the  orbital  surface  of  the  gyrus  rectus 
which  were  cut  off  opposite  the  anterior  end  of  the  olfactory  bulb 
as  in  the  forms  above  described.  The  apparent  change  in  the 
position  of  the  nerve  since  the  five  month  stage  is  due  to  the 


rapid  development  of  the  frontal  lobe,  which  has  expanded  mesad 
producing  a  gyrus  rectus  medial  to  the  olfactory  peduncle.  The 
pre-chiasmatic  space  is  filled  with  a  gossamer-like  fibrous  tissue 
which  had  to  be  removed  patiently  in  order  to  follow  the  strands 
to  their  point  of  entering  the  brain.  On  the  left  side  one  of  the 
strands  pierced  the  rostral  border  of  the  medial  olfactory  tract 
near  the  trigon.  The  other  strand  divided  into  two  rootlets 
which  ran  deeper  into  the  fissura  prima  (fig.  6).  On  the  right 
side  the  nerves  were  not  fully  dissected,  the  anterior  cerebral 
artery  being  left  in  position  to  show  the  relations. 

In  the  full-term  foetus  the  attempt  was  made  to  trace  the  peri- 
pheral course  of  the  nerve.  The  dissection  was  made  from  the 
face  in  order  to  expose  the  orbital  surface  of  the  frontal  lobe.  ■  The 
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nen'e  of  the  left  side  was  found  on  the  gyms  rectus  as  in  other 
cases.  It  was  a  single  thick  strand  readily  visible  to  the  naked 
eye.  Traced  forward  it  entered  the  median  fissure  opposite  the 
anterior  end  of  the  olfactory  bulb.  Curving  somewhat  dorsad 
in  the  fissure  the  nerve  makes  a  gentle  curve  ventrad  again  and 
at  the  same  time  leaves  the  surface  of  the  brain,  with  which  it  is 
in  contact,  and  enters  the  pia  mater.  At  the  same  time  the  nerve 
divides  into  several  strands  which  flatten  out  like  a  fan.  These 
thin  flat  strands  pierce  the  pia  and  enter  the  tissue  of  the  cribri- 
form plate  close  to  the  median  plane  among  the  most  anterior 
strands  of  the  olfactory  nerve.  Here  the  connective  tissue  was 
so  tough,  owing  to  the  formalin  preservation,  that  the  thin 
strands  could  not  be  followed  far.  Some  of  them  were  followed 
without  doubt  into  the  septum,  and  some  appeared  to  go  toward 
the  lateral  wall  of  the  nasal  chamber,  but  this  was  uncertain. 
The  point  at  which  these  strands  pierce  the  pia  mater  is  the  place 
where  the  ner\'e  is  cut  off  when  a  brain  is  removed  from  the 
skull.  The  fact  that  at  this  point  the  nerves  in  the  adult  brains 
dissected  were  either  within  or  very  near  to  the  median  fissure 
and  imbedded  in  the  pia,  suggested  the  possibility  that  the  nerves 
might  be  distributed  to  the  meninges,  but  the  dissection  of  this 
specimen  was  carried  far  enough  to  show  conclusively  that  they 
go  down  into  the  septum,  and  to  explain  their  position  in  the 
adult  brain. 

The  brain  of  a  baby  of  four  months  showed  two  strands  on  the 
left  and  three  oh  the  right.  On  both  sides  the  roots  entered  the 
brain  beneath  the  medial  and  rostral  border  of  the  medial  olfac- 
tory tract.  The  nerve  of  the  left  side  was  stained  and  mounted, 
but  no  ganglion  cells  were  found. 

Fourteen  adult  human  brains  have  been  examined  and  the  ner- 
vus  terminalis  found  in  all.  In  most  cases  the  nerve  is  visible 
under  the  lowest  power  of  the  Greenough  binocular  without  any 
dissection.  It  is  only  necessary  that  the  pia  mater  shall  be  in- 
tact in  the  region  between  the  olfactory  peduncles  and  rostral  to 
the  optic  chiasma.  In  only  one  of  the  fourteen  brains  was  the 
nerve  so  small  as  to  be  at  all  difficult  to  follow.  The  nerve  strands 
lie  just  beneath  the  pia  and  are  visible  through  it  because  slightly 
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more  whitish  opaque  than  the  pia.  They  are  distinguished  from 
small  blood  vessels  because  the  vessels,  even  when  apparently 
empty,  have  a  sUghtly  yellowish  color.  Moreover,  small  blood 
vessels  are  readily  traced  to  the  larger  ones  from  which  they 
arise.  It  is  more  difficult  to  distinguish  the  nervus  terminalis 
from  thin  bands  of  connective  tissue  which  lie  in  or  beneath  the 
pia.  Most  of  the  connective  tissue  strands  in  this  region  are  in- 
serted in  the  thick  tissue  surrounding  the  anterior  cerebral  ar- 
tery or  some  of  its  branches  in  the  median  fissure,  from  which 
they  stretch  obhquely  forward  and  laterad.  The  connective 
tissue  strands  can  be  detected  by  puUing  this  way  and  that 
upon  the  pia  with  fine  forceps.  The  strands  of  connective  tissue 
will  be  distorted  and  the  appearance  of  strands  will  be  produced 
parallel  with  the  direction  of  tension,  ^hile  the  nerve  strands,  if 
present  in  the  area  pulled  upon,  will  not  be  distorted,  nor  ob- 
scured. When  the  pia  mater  is  priclted  through,  lifted  up  with 
forceps  and  dissected  away  it  is  found  that  the  nerve  strands  lie 
beneath  the  pia  but  are  attached  to  it  more  or  less  closely.  The 
attachment  is  by  means  of  slender  connective  tissue  strands  and 
in  some  instances  by  small  bands  which  pass  beneath  the  nerve 
in  the  form  of  loops  or  straps.  In  some  cases  the  length  of  the 
ner\'e  was  drawn  through  one  of  these  loops  in  order  to  free  it 
from  the  pia.  With  a  little  care  the  nerve  is  separated  from  the 
pia  and  a  few  minutes  suffice  to  expose  the  nerve  through  the 
greater  part  of  its  intracranial  course.  The  dissection  of  the 
roots  where  they  bend  around  the  heel-like  convexity  of  the  gy- 
rus rectus  just  in  front  of  the  optic  chiasma  requires  more  care, 
especially  when  the  nerve  divides  into  several  slender  rootlets. 

Figures  7,  8  and  9  show  the  course  of  the  nerve  in  three  adult 
brains.     It  runs  over  the  orbital  surface  of  the  gyrus  rectus  and 


Fig.  7  Partof  the  bftsal  aspect  of  the  left  frontatlobe  in  the  adult  human  brain. 
The  blood  vessel  is  a  small  vein  greatly  distended  with  blood.  X  marks  a  root 
broken  in  dissecting. 

Fig.  8  Basal  aspect  of  the  right  frontal  lobe  in  the  adutt  human  brain.  Anas- 
lomoaia  of  rootlets. 

Fig.  e  Similar  to  figure  8.  Nervus  terminalis,  a  single  strand  with  five  root- 
lets on  the  surface  of  the  medial  olfactory  tract. 
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enters  the  median  fissure  or  lies  near  it  at  the  level  of  the  anterior 
end  of  the  olfactory  bulb,  where  the  nerve  is  cut  off  in  removing 
the  brain.  As  seen  in  the  figures,  the  nerve  in  these  cases  con- 
sisted of  one,  two,  three  or  foOr  strands.  In  one  case  (fig.  7) 
one  of  the  strands  divided  into  three  strands  which  again  united 
into  one.  In  another  case  (fig.  8)  a  slender  strand  crossed 
obliquely  from  one  of  the  main  strands  to  another.  It  is  entirely 
possible  that  slender  strands  would  be  overlooked  or  destroyed 
in  dissecting  and  two  or  three  minute  strands  were  seen  which 
are  not  included  in  the  drawings.  In  the  fourteen  brains  the 
type  of  ner^'e  most  frequently  met  with  is  that  shown  in  figure  8. 
In  one  case  the  subdivision  and  reuniting  of  strands  seen  in  figure 
7  was  present,  together  with  a  large  number  of  very  slender 
strands  which  ran  along  the  medial  border  of  the  olfactory  pe- 
duncle and  bulb.  When  the  nerve  consists  of  a  single  strand,  as  in 
figure  9,  it  is  large  enough  to  be  seen  and  dissected  without  the 
use  of  a  lens.  In  one  ease  it  appeared  larger  than  some  of  the 
rootlets  of  the  IX  and  X  nerves;  but,  being  a  broad  thin  band, 
it  probably  contains  fewer  fibers  than  those  rootlets. 

The  point  of  attachment  of  the  roots  to  the  brain  varies  con- 
siderably. In  all  eases  thus  far  examined  it  is  in  the  region  of 
the  basal  end  of  the  fissura  prima,  either  upon  or  in  front  of  or 
behind  the  medial  olfactory  tract.  In  figure  8  the  roots  are  seen 
converging  toward  the  olfactory  trigon,  where  they  seemed  to 
dip  beneath  the  anterior  and  medial  border  of  the  olfactory  tract. 
In  figure  9  the  single  root  divides  into  five  rootlets  which  pierce 
the  medial  olfactory  tract.  The  two  roots  of  the  other  side  of 
this  brain  had  the  same  position.  Two  of  the  three  roots  in 
figure  7  have  nearly  the  same  position  but  one  of  them  passes 
farther  toward  the  median  plane. 

In  position  these  strands  correspond  very  closely  to  the  ner- 
vus  terminaUs  of  lower  animals  and  of  human  embryos  previously 
described.  Proof  of  the  nervous  character  of  the  strands  was 
sought,  however,  by  removing  and  staining  some  of  them.  In 
one  brain  the  nerve  was  found  on  only  the  r^ht  side.  Its  two 
rootlets  entered  the  brain  just  at  the  rostral  border  of  the  medial 
olfactory  tract  where  that  bends  from  the  orbital  to  the  medial 
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surface.  The  roots  were  pulled  out  and  the  entire  nerve  was 
stained  in  neutral  red  and  mounted  in  damar.  It  consists  of 
some  fifteen  or  sixteen  small  bundles  of  non-medullated  fibers 
and  has  imbedded  in  its  course  about  twelve  ganglion  cells. 
These  cells  occur  singly  or  in  twos.  There  is  no  larger  collec- 
tion. Each  cell  has  a  large  nucleus  and  prominent  nucleolus  and 
stains  deeply  with  neutral  red.  Unfortunately  the  material  was 
not  fresh  enough  to  give  a  good  stain  of  the  Nissl  substance. 

The  nerve  on  the  right  side  of  the  brain  from  which  figure  9 
was  taken  was  removed  and  stained  as  was  also  the  left  nerve  of 
the  four  months  baby  brain,  but  no  nerve  cells  were  found  in 
dther.  From  the  brain  shown  in  figure  8  the  nerve  of  the  left 
side  was  stained  in  neutral  red,  while  that  of  the  right  side  was 
treated  with  vom  Rath's  fluid  and  afterward  stained  with  carmal- 
um.  Neither  medullated  fibers  nor  nerve  cells  were  found  in  this 
case.  The  largest  nerve  found  was  treated  in  the  same  way  and 
teased  out  carefully.  After  clearing  and  moxmting  in  damar  there 
were  found  four  ganglion  cells  surrounded  by  numerous  sheath- 
cell  nuclei.  Two  cells  were  in  the  middle  part  of  the  nerve,  two 
at  the  distal  extremity.  No  medullated  fibers  were  found. 
Failure  to  find  gangUon  cells  in  some  of  the  other  cases  may  have 
been  due  to  the  fact  that  the  nerves  were  not  as  well  teased  out. 

From  the  above  facts  it  appears  that  a  nerve  corresponding 
to  the  nervus  terminalis  of  lower  vertebrates  exists  in  adult  man 
and  several  other  mammals.  This  nerve  contains  some  medul- 
lated fibers  at  least  in  the  sheep,  horse  and  monkey,  and  in  the 
monkey  these  fibers  increase  in  number  distally.  In  the  sheep, 
horse,  monkey  and  man  the  nerve  contains  ganglion  cells  in  at 
least  some  individuals.  In  the  sheep  and  horse  there  are  distinct 
ganglionic  enlargements  of  the  nerve.  The  failure  to  find  gan- 
glion cells  in  the  other  cases  here  reported  has  little  significance, 
since  only  the  intra-pial  course  of  the  nerve  could  be  examined. 
The  probability  that  ganglion  cells  would  be  situated  farther  dis- 
tally is  su^ested  by  the  condition  in  the  rabbit  (Huber  and 
Guild)  and  by  the  presence  of  a  lar^e  ganglion  in  the  sheep  (fig. 
2)  just  at  the  point  where  the  nerve  pierces  the  pia,  rostral  to  the 
olfactory  bulb.     The  presence  and  large  size  of  the  nervus  termi- 
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nalis  in  the  porpoise  serves  to  emphasize  Its  independence  of  the 
olfactory  nerve,  which' has  been  abundantly  established  by  pre- 
vious worit. 

^The  nerve  has.usually  been  regarded  as  a  \'estigeal  structure,  . 
but  it  is  an  interesting  fact  that  it  is  larger  in  man  than  in  many 
fishes  and  amphibians.  The  question  suggests  itself,  for  how 
many  milUon  years  has  the  nerve  persisted  in  a  vestigeal  condi- 
tion? Further  studies  are  desirable  upon  the  central  relations  of 
the  nervus  terminalis  and  upon  its  structure  and  distribution  in 
the  nasal  septum. 
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It  is  commonly  taught  that  the  most  direct  pathways  over 
which  impulses  aroused  in  the  olfactory  centers  may  reach  the 
motor  centers  are  the  two  following: 

a.  From  the  olfactory  centers  in  the  forebrain  to  the  tuber 
cinereum  or  the  corpus  mammillare,  and  from  these  to  the  teg- 
mentum or  possibly  to  motor  centers  directly; 

b.  From  the  forebrain  centers  to  the  nucleus  habenulae,  thence 
over  the  bundle  of  Meynert  to  the  interpeduncular  nucleus  and 
thence  to  motor  centers  over  paths  not  well  known. 

The  following  description  adds  to  the  evidence  that  a  con- 
nection exists  between  the  olfactory  and  lower  centers  without 
interruption  in  the  diencephalon. 

The  brain  studied  is  that  of  a  fetus  145  mm.  in  length,  crown- 
rump  measurement.  It  was  received  fresh  and  fixed  in  15  per 
cent  formalin.  Sections  were  cut  transverse  to  the  long  axis 
of  the  hemispheres  and  lengthwise  of  the  brain  stem,  50  microns 
in  thickness,  and  stained  with  Delafield's  hematoxylin.  The 
preservation  proved  to  be  excellent.      • 

The  brain  at  this  age  is  largely  composed  of  cell-masses  which 
are  deeply  stained.  The  fibers  take  little  stain  and  where  defi- 
nite bundles  are  present,  these  stand  out  sharply  among  the 
cell-masses  and  neuropile.  Certain  well  known  tracts,  such  as 
the  bundles  entering  into  the  anterior  commissure  and  the  for- 
nix, are  very  clearly  defined  in  this  brain. 

In  a  section  passing  just  rostral  to  the  anterior  conunissure 
(fig.  4)  we  see  on  the  right  side  the  precommissural  fibers  of  the 

■  Neurological  Studies,  University  of  Minnesota,  No.  20,  April  1,  1915. 
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fornix  crossing  the  anterior  commissure  vertically.  On  the  left 
side  appear  a  larger  and  a  smaller  commissural  bundle.  The 
smaller  {bdl.  x)  is  one  of  the  olfactory  bundles  of  the  anterior 
commissure  which  crosses  the  mid-line  independently  of  the  main 
body  of  the  commissure.  Crossing  these  two  bundles  in  a  sweep- 
ing curve  is  a  small  bundle  which  rims  down  into  the  tuber 
cinereum.  When  this  small  bundle  is  traced  rostrad  it  joinsthe 
smaller  commissural  bundle  (fig.  3) .  Hence,  a  small  bundle  sepa- 
rates from  the  olfactory  commissure,  passes  over  the  anterior 
conmiissure  and  enters  the  tuber  cinereum.  This  condition  has 
not  before  been  described  so  far  as  the  writer  is  aware. 

In  the  section  described  there  appears  beneath  the  Umb  of 
the  anterior  commissure  a  fair  sized  bundle  almost  round  in 
transverse  section  {tr.olf-tegm.).  When  this  bundle  is  traced  ros- 
trad it  is  foimd  that  it  intermingles  with  the  olfactory  bundles 
of  the  anterior  commissure  and  has  a  commmon  origin  with  these. 
This  is  illustrated  in  figures  1,  2,  and  3.  While  some  fibers  may 
enter  these  bundles  from  the  olfactory  tract,  there  can  be  no 
doubt  that  most  of  the  fibers  are  directly  related  to  the  olfactory 
tubercle  and  adjacent  secondary  olfactory  centers. 

The  course  of  this  bundle  caudal  to  the  level  of  the  anterior 
commissure  is  shown  in  figures  5,  6,  7,  8,  9.  The  bimdle  is  sym- 
metrical on  the  two  sides,  but  only  the  left  side  is  drawn.  It 
nms  along  the  inner  face  of  the  internal  capsule  and  descends 
somewhat  into  the  hypothalamus  until  it  comes  to  lie  between 
the  terminal  portion  of  the  fornix  and  the  internal  capsule  (fig. 
7) .  Beyond  the  mammillary  body  it  rises  again  and  gains  a  posi- 
tion dorsal  to  the  medial  border  of  the  crus  (fig.  8).  The  bun- 
dle then  continues  between  the  substantia  nigra  and  the  nucleus 
ruber  and  divides  into  several  fascicles.  These  fascicles  while 
continuing  spinalward  turn  rather  rapidly  dorsad  and  somewhat 
iaterad.  They  become  imbedded  in  small  masses  of  cells  and  are 
lost  just  at  the  upper  or  anterior  border  of  the  pons  (fig.  9). 
One  fascicle  seems  to  enter  the  dorsal  part  of  the  pontile  gray 
(fig.  9).  One  or  two  fascicles  run  much  farther  dorsad  than  the 
others,  but  do  not  approach  so  near  the  brachium  pontis. 
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The  bundle  described  is  interpreted  as  a  descending  tract 
from  the  olfactory  centers  to  the  motor-correlation  centers  in  the 
tegmentum  at  the  level  of  the  isthmus.  Such  preparations  give 
no  direct  evidence,  of  course,  as  to  the  actual  origin  and  endings 
of  the  fibers.  At  their  rostral  end  the  fibers  of  this  bundle  are 
indistinguishably  intermingled  with  the  fibers  of  the  olfactory 
commissure  which  we  know  arise  from  the  olfactory  centers. 
At  its  caudal  end  the  fibers  spread  widely  in  the  tegmentum. 
This  renders  it  very  improbable  that  the  fibers  arise  in  any  of 
the  sensory  nuclei,  such  as  the  nucleus  of  the  trigeminus.  Its 
behavior  rather  suggests  the  breaking  up  of  a  bundle  at  its  place 
of  ending. 

From  the  facts  just  stated  the  writer  can  see  no  reason  for 
comparing  this  with  the  quinto-frontal  bundle  described  by  Wal- 
lenberg. That  bundle  is  supposed  by  Edinger  (Vorlesungen, 
1908)  to  carry  impulses  from  the  sensory  nucleus  of  the  trigem- 
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inus  to  the  tuberculum  olfactorium,  which  serves  as  a  correla- 
tion center  for  oral  and  nasal  sensory  impulses  (muzzle-sense). 
If  this  were  the  function  of  the  tuberculum  olfactorium,  one 
would  expect  that  in  forms  Uke  man,  in  which  the  olfactory  ap- 
paratus is  reduced  and  the  oral  sense  is  very  important,  the  tu- 
bercle would  be  large  relative  to  the  other  olfactory  centers. 
Such  is  not  the  case.  On  the  other  hand  the  forms  in  which  the 
tuberculum  is  large  are  those  in  which  the  olfactory  apparatus  is 
very  large  {Omithorhynchus,  Didelphys,  dog). 

There  is  more  reason  for  comparing  this  with  the  descending 
bundle  mentioned  by  Edinger  (1908,  pp.  123,  286)  as  arising  in 
the  lobus  parolfactorius  and  running  through  the  dorso-lateral 
part  of  the  oblongata,  to  the  cervical  cord,  tractus  fronto-bul- 
baris.  Edinger's  lobus  parolfactorius  is  a  large,  illy  defined 
region  "which  includes  the  whole  base  of  the  brain"  (p.  252), 
and  there  is  nothing  to  indicate  from  what  part  of  this  area  the 
tractus  fronto-bulbaris  arises.  Also,  it  seems  fairly  certain  that 
the  bundle  above  described  ends  largely  or  wholly  at  the  level 
of  the  isthmus.  It  is  quite  possible  that  some  of  its  fibers  pass 
on  to  the  cervical  cord  and  that  these  constitute  the  tractus 
fronto-bulbaris  of  Edinger. 

Figures  2  to  6  show  another  bundle  of  considerable  interest 
which  is  clearly  defined  in  this  series.  This  is  the  bundle  of 
precommissural  fornix  fibers  which  enter  the  hypothalamus 
(fasc.  praecom.  pars  hyp.).  These  constitute  the  most  compact 
bundle  in  the  system  of  vertical  fibers  in  the  "septum"  rostral 
to  the  anterior  commissure  (fig.  2).  The  bundle  is  conspicuous 
in  the  sections  back  to  the  level  of  the  optic  tract,  which  it 
crosses  to  enter  the  lateral  wall  of  the  tuber  cinereum.  Whether 
the  fibers  reach  the  mammillary  body  can  not  be  determined  in 
this  specimen. 
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In  continuation  of  work  upon  the  forebrain,  it  is  the  writer's 
intention  to  study  the  origin,  growth  and  differentiation  of  the 
general  pallium  in  the  series  of  vertebrates.  In  doing  this  it 
will  be  necessary  to  keep  constantly  in  mind  the  relations  of  the 
general  pallium  to  the  hippocampal  formation,  which  has  been 
described  in  earlier  papers.  The  history  of  the  amygdaloid 
complex  and  of  the  pyriform  lobe  is  also  intimately  concerned. 
Finally,  the  position  and  arrangement  of  the  fiber  tracts  connect- 
ing the  hemispheres  with  the  brain  stem  bear  an  important  re- 
lation to  the  morphology  of  the  cell  masses  in  the  forebrain. 

In  order  to  be  able  to  compare  given  brain  structures  in  lower 
and  higher  vertebrates  it  is  necessary  to  have  a  description  of 
the  brain  of  some  intermediate  form  in  which  the  more  common 
ichthyopsid  characters  can  be  recognized  and  in  which  at  the 
same  time  the  hippocampus  and  general  paUium  are  present. 
For  this  purpose  the  brain  of  the  turtle  has  been  chosen  and  it 
serves  admirably  because  of  the  relationship  of  the  chelonia  to 
the  ancestors  of  mammals.  The  present  paper  wUl  be  con- 
fined almost  wholly  to  description,  the  review  of  literature  and 
the  discussion  of  hypotheses  being  deferred  to  later  papers. 


The  results  here  presented  have  been  obtained  chiefly  from  the 
study  of  cell  preparations.  The  results  from  the  study  of  fiber 
tracts,  alUiough  used  in  connection  with  this  work,  will  be  re- 
ported only  briefly.    The  object  has  been  to  define  the  aggre- 
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gations  of  neurones  which  there  is  reason  to  think  are  concerned 
with  specific  functions  and  to  determine  the  position,  extent  and 
limits  of  these  cell  masses.  Criteria  depended  upon  are  the 
position,  size,  fonn  and  grouping  of  the  cells,  their  relation  to 
fiber  tracts  and  their  relation  to  neighboring  cell-masses.  The 
more  important  aggregations  of  neurones  are  either  separated 
from  neighboring  masses  by  cell-free  zones,  or  they  present  a 
sudden  transition  to  other  masses  whose  cells  differ  markedly 
in  size,  position,  staining  qualities,  etc.  Sometimes  sulci  mark 
the  lines  of  demarcation.  Typical  sections  have  been  drawn  to 
show  the  arrangement  of  cells  in  various  regions  and  the  lines 
of  demarcation  between  the  aggregations  of  neurones.  To  gain 
an  understanding  of  the  morphological  relations,  dissection  and 
modelling  have  been  practiced.  After  the  various  cell  masses 
had  been  studied  and  their  limits  determined,  a  model  was  made 
of  the  right  hemisphere  together  with  a  small  adjacent  part  of 
the  diencephalon.  Id  making  the  plates  for  this  model  the  limits 
of  the  several  cell-mLasses  were  drawn  under  the  projection  micro- 
scope. The  plates  were  then  cut  along  these  limiting  lines 
but  the  parts  not  separated  from  one  another.  The  model  was 
then  piled  and  fastened  together  as  a  whole  and  the  several 
parts  separated  at  last  along  the  lines  of  the  cuts.  In  this 
manner  it  was  possible  to  pile  the  model  accurately  in  the  form 
of  the  control  brain  and  since  each  part  was  strongly  fastened 
together  there  was  no  distortion,  of  the  parts. 

I  am  indebted  to  Dr.  Wm.  F.  Allen  for  the  beautiful  photo- 
graphs of  this  model. 

DESCRIPTION 

As  is  well  known,  the  turtle  has  fairly  large  hemispheres  whose 
caudal  poles  lie  at  the'  sides  of  the  mesencephalon.  The  dis- 
position of  the  hippocampal  formation  and  the  olfactory  tubercle 
in  the  medial  wall  have  been  described  in  a  previous  paper. 
Other  features  in  this  wall  will  be  taken  up  in  later  sections.  The 
lateral  wall  shows  a  broad  depression  where  the  hemisphere 
connects  with  the  brain  stem  which  at  once  suggests  comparison 
with  the  insular  region  in  the  mammalian  brain  (fig.  1). 
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The  dorsal  border  of  this  depression  is  fonned  by  a  low  ridge 
which  extends  rostrally  into  the  lateral  wall  of  the  olfactory  bulb. 
This  ridge  is  traversed  by  the  lateral  olfactory  tract  and  is  there- 
fore to  be  compared  with  the  pyriform  lobe  of  the  mammalian 
brain.  Near  its  rostral  end  it  presents  an  apparent  thickening 
which  causes  a  decided  elevation  of  the  surface  (hgs.  5,  26). 
The  sulcus  which  bounds  the  pyriform  lobe  dorso-laterally  varies 
in  depth  in  different  individuals,  but  is  always  well  marked  in 
its  rostral  portion.     It  is  the  fissura  rhinalis. 

The  insula-Iike  region  is  clearly  seen  in  the  entire  brain  to  be 
trasversed  by  bxmdles  of  medullated  fibers  (fig.  1).  Sections 
show  these  to  be  a  continuation  of  the  eras  cerebri  (figs.  32,  49), 
and  therefore  comparable  to  the  capsula  interna.  The  absence 
of  a  cortical  layer  covering  the  internal  capsule  shows  that  this 
does  not  correspond  to  the  insula.  It  is  the  corpus  striatum 
which  retains  a  condition  analogous  to  that  seen  in  the  fish 
brain  and  is  not  yet  covered  in  by  pallium. 

Caudal  to  Uie  striatum  there  is  a  well-developed  occipito- 
temporal pole  whose  presence  adds  to  the  similitude  of  the 
turtle's  brain  to  that  of  a  manmial.  The  pyriform  lobe  appears 
to  blend  with  the  occipital  lobe.  Along  its  lower  border  is  a 
groove  which  at  the  rostral  end  is  the  sulcus  endorhinalis.  Be- 
hind the  striated  area  a  deep  groove  continues  for  some  distance 
toward  the  caud^  pole.  This  groove  will  be  called  the  fissura 
amygdaloidea.  A  part  of  the  area  appearing  below  it  in  lateral 
view  is  occupied  by  the  amygdaloid  complex  (fig.  5).  The 
reason  for  calling  this  the  amygdaloid  fissure,  however,  is  that 
it  represents  the  line  of  infolding  of  an  important  body  which 
becomes  in  mammals  a  part  of  the  amygdaloid  complex. 

Rostral  to  the  striated  area  appears  the  ^ooth  lateral  sur- 
face of  the  tuberculum  olfactorium  and  adjacent  olfactory  area, 
including  the  lateral  portion  of  the  homologue  of  the  anterior 
perforate  space.  Between  this  region  and  the  pyriform  lobe 
rostral  to  the  striatum  is  the  sulcus  endorhinalis  (figs.  1^  to  26). 

The  vault  of  the  hemisphere  is  occupied,  as  we  shall  see,  by 
the  general  pallium.  It  is  very  evident  that  if  the  expansion  of 
the  general  paUium  were  to  push  the  pyriform  lobe  ventro-later- 
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ally  until  it  was  driven  down  nearly  upon  the  basal  surface  and 
until  the  migrated  general  pallium  itself  had  covered  over  the 
striatum,  there  would  be  produced  a  fairly  exact  counterpart  of 
the  primitive  mammalian  brain.  This  is  the  condition  of  the 
brain  of  an  opossum  or  rabbit,  in  both  of  which  the  lateral  (Syl- 
vian) fissure  is  little  deeper  than  the  analogous  striatal  depres- 
sion in  the  turtle's  brain.  The  further  expansion  of  the  frontal 
and  caudal  poles  produces  the  opercula  bounding  the  lateral 
fissure. 

On  the  dorsal  surface  just  behind  the  olfactory  peduncle 
occurs  a  slight  rounded  elevation  (figs.  3,  25)  which  fonns  a  part 
of  the  pallial  thickening  to  be  described  below. 

On  the  medial  surface  of  a  brain  from  which  the  stem  has  been 
cut  away  and  the  choroid  plexus  removed  (fig.  3)  it  is  seen  that 
a  wide  chorioid  fissure  extends  caudad  in  a  simple  curve  from  the 
interventricular  foramen  into  the  temporal  pole.  On  removii^ 
the  medial  wall  of  the  hemisphere  there  are  exposed  certain  ridges 
which  constitute  some  of  the  most  characteristic  features  of  the 
reptilian  brain  (figs.  4,  10).  Three  main  bodies  are  to  be  dis- 
tinguished: a  dorsal  ventricular  ridge,  the  largest  and  most  prom- 
inent; beneath  it  and  extending  farther  rostrad,  the  striatum; 
and  rostrally  in  the  dorsal  wall  a  smaller  pallial  thickening. 

Three  longitudinal  ventricular  grooves  are  to  be  distinguished: 
dorsal,  middle  and  ventral.  The  dorsal  ventricular  groove  is  a 
very  deep  groove  between  the  dorsal  ridge  and  the  pallium  (figs. 
4,  11  to  22).  The  middle  groove  runs  beneath  the  dorsal  ridge 
from  the  amygdaloid  region  forward  into  the  olfactory  bulb. 
A  bifurcation  of  the  caudal  end  of  this  groove  and  its  significance 
will  be  mentioned  later.  The  ventral  groove  is  medial  to  the 
striatum.  It  dips  very  deep  into  the  olfactory  tubercle  but  is 
shallow  rostral  and  caudal  to  this  level. 

The  term  epistriatum  was  first  used  by  Edinger  to  designate  a 
body  in  the  reptilian  forebrain  to  which  C.  L.  Herrick  had  traced 
a  large  part  of  the  olfactory  tract.  In  the  1904  edition  of  Edin- 
ger's  textbook  thjs  body  is  labelled  epistriatum  in  figures  117, 
Varanus;  122  and  123,  Schemata;  125b,  lizard.  This  usf^e  is 
followed  by  de  Lange  in  a  recent  paper  on  Varanus.    In  Edin- 
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ger's  figure  121  the  term  epistriatum  is  applied  to  an  entirdy 
different  body  in  the  turtle,  the  dorsal  ventricular  ridge  of  the 
present  paper.  In  figure  125a,  which  also  represents  the  turtle, 
this  ridge  is  called  mesostriatum  and  the  term  epistriatum  is 
applied  to  the  palhal  thickenii^.  Since  the  structure  to  which 
the  term  epistriatum  was  first  applied  does  not  appear  as  a  special 
body  or  ridge  in  the  turtle  brain  and  since  the  author  of  the  term 
uses  it  for  at  least  three  different  bodies  in  the  reptilian  brain, 
the  term  will  not  be  used  in  the  present  paper.  The  use  of  purely 
descriptive  terms  will  help  to  avoid  confusion. 

In  the  dissected  brain  or  in  the  model  from  which  the  hippo- 
campal  formation  has  been  removed  (figs.  4, 10)  it  is  seen  that  the 
dorsfd  ventricular  ridge  bends  down  into  the  temporal  pole. 
Here  it  enters  into  close  relations  with  the  amygdaloid  complex 
which  must  be  discussed  later. 

FORMATIO  OLFACTORIA 

The  f ormatio  olfactoria  is  that  portion  of  the  forebrain  which 
receives  fila  olfactoria  and  contains  mitral  cells  and  glomeruli. 
It  forms  the  rostral  part  of  the  olfactory  bulb  and  extends  farther 
caudally  on  the  dorsal  than  on  the  ventral  surface.  Thus  the 
peduncular  constriction  is  placed  obliquely,  as  is  evident  in  figures 
3  and  5.  The  bulb  in  its  rostral  part  is  nearly  triangular  in  cross 
s^tion  (fig.  30).  The  olfactory  ner\'e  divides  into  distinct 
ventral  and  dorsal  roots.  The  ventral  spreads  upon  the  dorsal 
surface  of  the  bulb  and  enters  the  brain  farther  rostrally  than 
does  the  dorsal  root.  The  ventral  root  spreads  over  somewhat 
more  than  the  lower  half  of  the  medial  and  lateral  walls  (hg.  30) 
and  the  rostral  surface.  The  dorsal  root  continues  over  the  bulb 
as  a  high  ridge  and  spreads  out  in  the  dorsal  wall  in  its  caudal 
part.  At  its  greatest  extent,  near  the  peduncle,  this  root  ex- 
tends half  way  down  on  the  medial  and  lateral  surfaces.  The 
areas  in  which  bundles  of  fila  olfactoria  are  evident  are  shown  in 
figures  28,  29,  30.  It  is  certain,  however,  that  many  fila  extend 
either  in  small  bundles  or  singly  some  distance  beyond  these 
limits  before  ending  in  relation  with  neurones  of  the  formatio 
olfactoria. 
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The  limits  of  the  formatio  olfactoria  can  be  determined  more 
accurately  by  a  study  of  the  form,  size  and  grouping  of  the  cells. 
Throughout  all  the  area  where  fila  olfactoria  are  visible,  the  wall 
of  the  bulb  consists  of  a  thick  layer  of  granule  cells  adjacent  to 
the  ventricle,  and  a  fiber  layer  of  varying  thickness  in  the  midst 
of  which  are  scattered  large  and  small  mitral  cells.  In  the  areas 
not  covered  by  bundles  of  fila  olfactoria  the  mitral  cells  are  less 
numerous  and  sometimes  absent,  (figs.  28,  29,  30). 

The  deep  granule  cells  are  very  numerous,  closely  crowded 
and  sometimes  arranged  in  irregular  concentric  layers.  Golgi 
sections  show  that  they  possess  two  or  more  long  slender  den- 
drites radially  placed  and  that  the  dendrites  interlace  with  those 
of  the  mitral  cells  in  the  glomeruli.  These  cells  are  therefore 
true  olfactory  receptive  cells,  comparable  to  the  deep  cells  of 
the  olfactory  formation  of  fishes  (Johnston  '01).  The  granule 
cells  form  a  dense  thick  layer  surroundii^  the  ventricle  throi^- 
out  the  whole  extent  of  the  bulb  (figs.  28,  29,  30)  and  constitute 
the  greater  part  of  its  volume.  The  groove  or  constriction 
which  marks  the  olfactory  peduncle  follows  accurately  the 
caudal  border  of  this  granule  cell  layer.  In  the  lateral  wall  the 
pyriform  lobe  and  the  olfactory  tubercle  push  forward  spme- 
what  and  the  peduncular  groove  presents  a  V-shaped  bend  for- 
ward (fig.  5),  but  everywhere  the  groove  faithfully  indicates  the 
boundary  between  primary  or  bulbar  structure  and  the  second- 
ary centers  or  olfactory  lobe. 

The  layer  of  mitral  cells  and  of  small  brush  cells  is  not  as 
extensive  as  that  of  granule  cells.  In  the  rostral  half  of  the  bulb 
this  layer  is  continuous  around  the  periphery  of  the  section,  but 
the  cells  are  less  numerous  in  the  lateral  and  medial  angles  where 
the  fila  olfactoria  are  not  evident.  In  the  caudal  part  of  the 
bulb  the  corresponding  areas  become  quite  free  from  mitral  cells 
for  some  distance  (fig.  29,  31).  The  distribution  of  the  mitral 
cells  is  determined  by  their  relation  to  the  fila  olfactoria.  Golgi 
preparations  show  that  the  dendrites  of  mitral  cells  and  of  the 
small  brush  cells  penetrate  the  bundles  of  fila  and  ramify  richly, 
thus  transforming  the  bundles  into  elongated  glomeruli  or  series 
of  glomeruli.    A  brush  often  lies  on  the  surface  of  one  of  these 
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bundles  and  its  dendrites  wrap  around  and  penetrate  the  bundle. 
The  formation  of  glomeruli  in  the  course  of  large  bundles  of  fila 
is  a  condition  similar  to  that  in  Petromyzon  described  by  the 
writer  (1902).  In  addition  to  these  large  glomeruli  are  numer- 
ous smaller  ones  formed  by  the  dendrites  of  small  brush  cells 
and  of  granule  cells. 

The  formatio  olfactoria  consists  then  of  (1)  an  enormous  axim~ 
ber  of  granule  cells  whose  bodies  form  the  dense  peri-ventricular 
layers  and  whose  rather  straight  dendrites  radiate  outward  to 
form  glomeruli  or  to  mingle  with  dendrites  of  other  cells  in 
glomeruli;  (2)  a  peripheral  layer  of  mitral  cells  and  small  brush 
cells  presenting  a  great  variety  of  forms,  whose  dendrites  form 
the  large  glomeruli  by  ramifying  in  the  bundles  of  fila  olfactoria; 
and  (3)  of  the  incomii^  fila  olfactoria  and  the  afferent  and 
efferent  fibers  connecting  the  bulb  with  the  rest  of  the  brain. 

The  gross  structure  known  as  the  olfactory  bulb  in  the  turtle 
consists  of  formatio  olfactoria  and  nothing  else.  While  the 
hippocampal  formation  and  the  pyrif orm  lobe  both  push  forward 
into  close  contact  with  the  olfactory  formation,  the  groove  which 
marks  the  peduncle  corresponds  accurately  to  the  line  of  division 
in  the  internal  structxire.  The  so-called  nucleus  olfactorius 
anterior  in  this  brain  is  very  clearly  distinct  from  the  granule 
cell  layer  of  the  olfactory  bulb  and  does  not  extend  forward 
beyond  the  peduncular  constriction. 

TRACTUS  OLFACTORrUS 
At  the  olfactory  peduncle  the  fibers  of  the  olfactory  tract 
(figs.  55,  56,  57)  have  the  following  disposition.  The  largest 
bundles  lie  on  the  lateral  surface  and  p^s  caudad  into  the 
pyriform  lobe.  These  fibers  arise  from  the  greater  part  of  the 
lateral  and  from  the  dorsal  surface  of  the  bulb.  On  the  dorsal 
surface  of  the  peduncle  a  lai^e  bundle,  which  has  its  origin  in 
the  dorsal  part  of  the  medial  wall,  crosses  obUquely  from  the 
medial  to  the  lateral  sxu^ace  and  joins  the  bundle  last  mentioned. 
These  constitute  the  lateral  olfactory  tract.  Its  further  course 
will  be  described  in  connection  with  the  pyriform  lobe.  Fibers 
arising  from  the  remaining  ventral  and  medial  parts  of  the  bulb  col- 
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lect  into  a  broad  sheet  ventral  to  the  large  bundle  first  mentioned. 
This  sheet  constitutes  the  medial  olfactory  tract.  It  is  thick 
where  it  abuts  upon  the  large  lateral  tract  but  spreads  as  a  very- 
thin  sheet  over  the  ventral  and  part  of  the  medial  surface.  This 
tract  runs  caudad  over  the  ventro-lateral  surface  of  the  tuber- 
culum,  gradually  diverges  from  the  lateral  tract  and  gives  diffuse 
fibers  to  the  tuberculum  and  the  parolfactory  area.  The  medial 
tract  borders  the  striatal  area  in  front  and  below  as  the  lateral 
tract  borders  that  area  dorsally. 

Two  compact  terminal  bundles  of  the  medial  tract  are  of 
especial  importance.  One  bends  up  into  the  medial  wall  between 
the  tuberculum  and  the  conmiissures  and  is  distributed  to  this 
r^on  (gyrus  subcallosus)  and  to  the  hippocampal  formation. 
This  is  obviously  the  equivalent  of  the  olfactory  tract  component 
in  the  precommissural  fornix  system  of  mammals.  The  second 
bundle  continues  along  the  lateral  border  of  the  medial  tract 
and  runs  directly  caudad  to  the  amygdaloid  prominence,  where 
it  enters  the  nucleus  of  small  cells  hereafter  to  be  described  as 
the  nucleus  of  the  lateral  olfactory  tract.  This  bundle  runs  along 
with  the  large  bundle  which  connects  the  amygdaloid  complex 
with  the  hippocampus  through  the  precommissural  system  (ol- 
factory radiations  of  Zuckerkandl  or  fiber  bundle  of  the  diagonal 
band  of  Broca). 

CORPUS  STRIATUM 

Under  this  name  will  be  described  the  structures  which  are 
homologous  with  the  chief  parts  of  the  corpus  striatum  in  human 
and  mammalian  brains.  Attention  has  been  called  to  the  fibers 
of  the  cms  cerebri  which  are  seen  in  a  depression  on  the  lateral 
surface  of  the  telencephalon.  A  section  at  the  rostral  border  of 
this  region  (figs.  21,  34)  shows  two  great  bundles  of  fibers  cut 
in  cross  section,  the  lateral  forebrain  bundle  or  crus  and  the 
medial  forebrain  bundle.  The  fibers  of  the  cms  rise  in  fascicles 
(internal  capsule)  scattered  through  the  outer  part  of  the  thick 
latero-basal  wall  to  the  dorsal  ventricular  ridge  and  pallial  thick- 
ening. These  include  somatic  sensory  fibers  and  probably  also 
fibers  descending  to  the  motor  centers.    The  medial  bundle 
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consists  of  fibers  which  connect  the  olfactory  centers  with  the 
hypothalamus  and  lower  motor  correlation  centerp.  From  this 
bundle  fibers  rise  radially  into  the  dense  cell  mass  forming  the 
floor  of  the  ventricle  (figs.  21  to  24,  34). 

The  whole  mass  in  the  latero-basal  wall  is  the  corpus  striatum. 
It  consists  of  two  portions,  a  lateral  much  larger  part  containing 
large  cells  and  a  medial  smaller  part  containing  small  cells  (figs. 
21,  22).  The  coarser  fascicles  of  the  crus  rise  in  a  curve  through 
the  lateral  part  into  the  dorsal  ventricular  ridge  and  the  general 
pallium  (figs.  32,  33).  The  finer  fascicles  of  the  medial  bundle 
rise  in  almost  straight  lines  radially  in  the  rostral  end  of  the 
medial  part  (fig.  34).  In  man  the  condensation  of  the  pallial 
portion  of  the  crus  fibers  into  a  plate-like  internal  capsule  has 
taken  place  within  a  lateral  large-celled  area,  the  greater  part  of 
which  is  situated  external  to  the  capsule  and  is  known  as  the 
lentiform  nucleus.  The  remainder  of  the  large  cells  together 
with  a  dense  small  celled  area  next  the  ventricle  constitute  the 
caudate  nucleus. 

In  the  turtle  the  large-celled  and  small-celled  areas  are  clearly 
distinct  from  one  another.  The  small-celled  area  will  be  called 
the  caudate  nucleus,  the  large-celled  area  the  lentiform  nucleus. 

The  caudate  nucleus  presents  well  marked  head  and  tail 
portions.  Far  rostrad  (fig.  26)  this  nucleic  forms  the  floor  of 
the  ventricle  between  the  ventral  and  middle  ventricular  grooves 
and  occupies  ahnost  the  entire  thickness  of  the  latero-basal 
wall.  At  its  medial  border  it  is  continuous  with  the  lateral 
parolfactory  nucleus.  This  relation  has  been  described  for  both 
reptiles  and  mammals  in  a  previous  paper  ('13b,  p.  389).  Its 
basal  surface  is  largely  covered  by  the  medial  forebrain  bundle 
from  which  fascicles  enter  the  caudate.  Followed  rostrad  in 
transverse  sections  the  caudate  is  seen  to  be  covered  in  by  the 
layers  of  the  olfactory  tubercle  which  are  continuous  with  the 
parolfactory  area  medially  and  the  pyriform  lobe  laterally 
(fig.  27).  In  these  layers  are  imbedded  the  olfactory  tract 
fibers  as  elsewhere  described.  Continuing  forward,  the  tuber- 
culum  and  olfactory  nuclei  increase  in  thickness  and  the  caudate 
grows  smaller  (fig.  28)  until  just  behind  the  peduncle  the  caudate 
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disappears.  It  is  this  rostral  end  of  the  caudate  nucleus  that  the 
writer  identi^es  with  the  nucleus  olfactorius  anterior  of  Edinger 
and  other  authors.  Following  sections  caudad,  the  sheet  of 
olfactory  fibers  and  cells  scarcely  disappear  from  the  surface 
of  the  caudate  until  large  cells  appear  in  the  lateral  wall  (fig.  26). 
Beneath  the  anterior  end  of  the  <forsaI  ventricular  ridge  this  large- 
celled  nucleus  rapidly  grows  larger  and  the  caudate  smaller 
(figs.  22,  21)  until  the  caudate  is  confined  to  a  part  of  the  floor 
of  the  ventricle  adjacent  to  the  ventral  groove  (fig.  20).  From 
this  point  the  tail  of  the  caudate  extends  caudally  to  the  point 
where  the  middle  ventricular  groove  bifurcates  (fig.  15,  10). 
Before  this  point  is  reached  the  caudate  is  in  connection  medially 
with  the  anterior  nucleus  region  of  the  thalamus  over  the  cms 
and  the  stria  medullaris  (figs.  17,  18).  The  caudate  then  grows 
thicker  and  merges  insensibly  with  the  small-celled  mass  of  the 
amygdaloid  complex  (nucleus  of  the  lateral  olfactory  tract) 
(figs.  15,  16).  The  caudate  then  disappears  from  the  sections, 
its  place  being  taken  by  an  area  of  neuropile.  Horizontal  and 
sagittal  sections  show  in  this  position  a  cell-free  zone  bounding 
the  caudate  behind,  which  corresponds  to  the  ventral  arm  of  the 
middle  ventricular  groove  as  it  bends  down  into  the  temporal 
horn  of  the  ventricle. 

The  caudate  nucleus  throughout  its  whole  extent  consists  of 
small  cells  without  regular  arrangement.  In  its  head  portion  it 
receives  fibers  from  the  olfactory  tract  and  the  medial  forebrain 
bundle  and  gives  fibers  to  the  latter.  In  its  tail  portion  are 
imbedded  the  stria  terminalis  and  the  great  lateral  olfactory 
projection  tract  of  Cajal  (fi^.  48,  49). 

A  peculiar  vesicular  structure  found  in  the  head  of  the  caudate 
and  in  the  lateral  parolfactory  nucleus  should  be  described  here. 
The  greater  number  of  these  structures  are  found  around  the 
depression  of  the  ventricle  which  extends  down  into  the  tuber- 
culum  but  some  are  found  also  in  the  lateral  part  of  the  caudate 
not  far  from  the  middle  ventricular  groove.  At  first  sight  these 
structures  appear  to  be  clusters  of  small  cells  arranged  radially 
about  a  core  somewhat  like  clusters  of  grapes  about  the  stem. 
The  clusters  are  elongated  sometimes  in  the  plane  of  transverse 
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sections,  sometimes  obliquely  to  it.  In  the  latter  case  they,  may 
extend  through  as  many  as  twelve  sections  ten  microtis  in  thick- 
ness. When  the  clusters  are  cut  either  across  the  loi^  axis  or 
lengthwise  of  it,  the  core  is  almost  always  seen  to  contain  a 
lumen  around  which  the  cells  are  arranged  (fig.  35).  The  lumen 
is  bounded  by  a  strong  limiting  membrane  and  contains  more  or 
less  of  lightly  staining  material,  resembling  mucus.  Occasion- 
ally a  flattened  nucleus  is  seen  in  the  liunen. 

In  the  caudate  and  parolfactory  nuclei  these  vesicles  are 
foxmd  only  near  the  ventricle  except  in  the  area  where  these  two 
nuclei  meet  beneath  the  ventral  ventricular  groove.  Here  they 
are  found  farther  from  the  ventricle,  even  in  the  deeper  layer  of 
the  tuberculum  olfactorium.  In  this  region  these  vesicles  lie 
adjacent  to  or  intermingled  with  the  islands  of  Calleja,  to  be 
described  below.  It  was  at  first  thought,  indeed,  that  these 
were  islands  of  a  special  type.  The  vesicular  arrangement  and 
other  characters  of  the  cells,  however,  differentiate  these  struc- 
tures sharply  from  the  islands  of  Calleja.  The  cells  are  typically 
columnar  and  radially  arranged  around  the  lumen,  the  nuclei 
usually  placed  near  the  peripheral  end  of  the  cells.  The  cell- 
bodies  are  often  filled  with  small  granules  tmlike  the  Nissl-bodies 
of  adjacent  nerve  cells.  The  nuclei  are  small,  ovoid  and  dense, 
resembling  those  of  ependyma  cells  rather  than  those  of  nerve 
cells.  There  are  often  larger  cells,  obviously  nervous,  wedged  in 
among  or  closely  appUed  to  the  outer  surface  of  the  small  cells 
of  the  vesicles.  Although  the  fascicles  of  nerve  fibers  in  the 
caudate  often  pass  close  over  the  surface  of  these  vesicles  and 
sometimes  diffuse  fibers  appear  to  run  ventrad  from  a  vesicle, 
I  have  not  found  in  Cajal  or  Golgi  sections  fibers  arising  from  the 
cells  of  the  vesicles. 

I  suspect  that  these  vesicles  are  composed  chiefly  of  ependyma 
cells-  and  that  their  lumina  represent  vestiges  of  ventricular 
cavity  which  have  been  pinched  off  during  development.  This 
might  happen  owing  to  the  thickening  of  the  caudate  and  par- 
olfactory nuclei  and  consequent  encroachment  upon  the  ventral 
part  of  the  ventricle.  The  fact  that  these  cell  clusters  are  not 
penetrated  by  the  neuropile  (fig.  36)  and  the  fact  that  no  definite 
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fascicles  of  nerve  fibers  are  found  runnu^  to  or  from  them,  con- 
stitute negative  evidence  as  to  their  nervous  function.  At  the 
same  time,  nerve  cells  are  often  found  closely  related  to  or  im- 
bedded in  the  ependyma  and  further  study  will  be  necessary 
to  determine  the  origin,  character  and  significance  of  these 
structures. 

THE  LENTIFORM  NVCLEI'S 

At  its  rostral  end  this  nucleus  appears  simply  as  scattered  large 
cells,  outside  of  the  small-celled  caudate,  among  which  fascicles 
rise  from  the  eras  to  the  pallial  thickening  in  the  rostral  part  of 
the  roof.  Beneath  the  rostral  end  of  the  dorsal  ridge  this  nucleus 
has  grown  to  a  lat^e  body  in  the  lateral  wall  and  has  reached 
the  ventricle  (figs.  22,  23).  From  this  point  caudad  a  peculiar 
band  of  thickened  ependyma  covers  the  ventricular  surface  of 
this  nucleus  (figs.  15  to  22,  36).  This  thick  band  extends  some 
distance  below  the  middle  ventricular  groove  and  bends  round 
that  groove  into  its  dorsal  wall.  While  the  ependyma  elsewhere 
in  the  lateral  ventricle  has  from  one  to  three  rows  of  nuclei,  this 
band  consists  of  very  tall  cells  and  presents  as  many  as  seven  to 
nine  rows  of  nuclei.  The  peripheral  processes  of  these  cells  are 
strong  and  give  a  prominent  striation  to  the  adjoining  nucleus 
{figs.  36,  37).  The  curved  course  taken  by  these  processes  which 
come  from  the  dorsal  wall  of  the  middle  groove  (fig.  37)  shows 
that  the  groove  was  formed  within  the  ependymal  band  and  near 
the  border  of  this  nucleus.  It  also  shows  how  the  groove  has 
been  formed  during  the  development  of  the  individual  by  the 
pushii^  in  of  the  dorsal  ridge  which  forced  this  border  of  the 
nucleus  to  be  bent  over.  This  thickened  ependyma  extends 
right  back  into  the  dorsal  branch  of  the  middle  ventricular  groove, 
where  it  quickly  disappears.  Throughout  its  length  this  thick- 
ened band  of  ependyma  covers  a  nucleus  whose  cells  are.  dis- 
tinctly larger  and  usually  much  more  numerous  than  those  of  the 
adjoining  caudate. 

In  the  striatal  area  this  nucleus  makes  up  the  whole  thickness 
of  the  wall  and  is  traversed  by  the  fascicles  of  the  crus  as  above 
noted.    Toward  the  caudal  border  of  the  striatal  depression 


Digitized  by  Google 


CELL  MASSES  IN   THE   FOBBBRAIN  405 

(figs.  17,  16)  the  lentiform  nucleus  becomes  covered  externally 
by  a  layer  of  small  cells  which  reaches  from  the  pyriform  lobe  to 
the  amygdaloid  complex  and  will  be  described  below  as  the  nu- 
cleus of  the  lateral  olfactory  tract.  The  lentiform  nucleus  now 
decreases  in  volume  caudally,  contains  several  dense  collections 
of  cells  which  are  closely  related  to  the  thickened  ependyma  of 
the  middle  groove  (figs.  16,  33),  becomes  less  rich  in  cells  and 
finally  merges  with  the  central  core  of  the  dorsal  ventricular  ridge 
behind  the  end  of  the  middle  groove  (fig.l4). 

Throughout  its  whole  length  the  lentiform  nucleus  is  sharply 
delimited  from  the  pyriform  lobe  and  (except  at  its  caudal  end) 
from  the  dorsal  ventricular  ridge,  by  cell-free  zones.  It  is  marked 
off  from  the  caudate  only  by  a  rather  sudden  change  from  large 
to  small  cells.  The  thickened  ependyma  covering  its  surface  is 
sometimes  separated  from  that  covering  the  caudate  by  a  slight, 
sharp  groove. 

Among  the  fascicles  of  the  internal  capsule  which  come  'rom 
the  sensory  bundle  of  the  cms  (see  later  section  on  the  pallium), 
are  found  many  cells  conspicuously  larger  than  the  ordinary 
cells  of  the  lentiform  nucleus.  The  position  of  these  is  indicated 
in  figures  18  and  19.  They  may  prove  of  importance  in  further 
comparisons  with  the  mammalian  brain. 

TUBERCULUM  OLFACTORIUM 

The  tuberculum  consists  of  a  cap  of  two  layers  of  cells  covering 
the  basal  surface  of  the  caudate  nucleus  at  its  rostral  end  (fig.  27). 
The  outer  layer  is  sparsely  filled  with  small  cells  and  is  closely 
related  at  its  medial  border  with  the  medial  parolfactory  nucleus 
and  at  its  lateral  border  with  the  pyriform  lobe  at  the  sulcus 
endorhinalis  (figs.  26,  27).  The  inner  layer  has  latter  cells  and 
is  characterized  by  the  grouping  into  islands  which  have  been 
described  by  Calleja  and  Cajal.  These  islands  are  for  the  most 
part  clusters  of  the  large  cells  of  the  deep  layer.  They  contain 
from  four  or  five  to  many  cells,  which  present  no  regularity  of 
arrangement.  The  cell  bodies  are  pear-shaped  or  stellate  and 
are  largely  filled  by  vesicular  nuclei  with  prominent  nucleoli. 
In  these  respects  they  do  not  differ  materially  from  the  cells 
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scattered  between  the  islands.  Some  of  the  cells  in  the  islands 
take  a  lighter,  more  transparent  and  brilliant  stain  in  neutral 
red  than  others. 

In  addition  to  the  islands  of  large  cells  there  are  a  number  of 
dense  clusters  of  small  cells  which  are  undoubtedly  nerve  cells. 
These  clusters  do  not  present  a  core  or  lumen  and  the  neuropile 
does  not  shrink  away  leaving  a  clear  space  aroimd  them  as  hap- 
pens in  the  case  of  the  vesicles  described  in  the  caudate  nucleus. 
Tbe  true  islands  are  confined  to  the  deeper  layer  of  the  tuber- 
culum.  It  must  be  noted,  however,  that  the  tuberculum  extends 
into  the  medial  wall  and  merges  with  the  medial  parolfactory 
nucleus.  The  distribution  of  the  islands  may  arbitrarily  be  taken 
as  determining  the  extent  of  the  tuberculum.  The  greater 
number  of  islands  is  foimd  near  the  mediobasal  angle  and  they 
do  not  extend  far  laterally.  Caudally  the  islands  disappear 
from  the  basal  surface  where  the  medial  forebrain  bundle  collects 
(fig.  24)  and  are  found  farther  caudad  in  the  medial  wall. 

There  is  a  very  close  resemblance  between  the  tuberculum 
olfactorium  in  the  turtle  and  the  'superficial  basal  area'  described 
by  the  writer  in  selachians  (1911).  The  writer  was  imwilUng 
at  that  time  to  give  the  name  tuberculum  olfactoritun  to  this 
area  because  it  seemed  to  include  parts  of  the  medial  and  lateral 
olfactory  nuclei  and  the  region  corresponding  to  the  anterior 
perforate  space.  The  close  relation  of  the  tuberculum  to  medial 
and  lateral  olfactory  nuclei  is  common  throughout  vertebrates 
and  I  shall  present  evidence  at  another  time  that  the  tuber- 
culum and  anterior  perforate  space  are  by  no  means  wholly 
independent. 

ANTERIOR  PERFORATE  SPACE 

The  area  corresponding  to  the  anterior  perforate  space  of 
mammals  is  not  sharply  marked  off  in  the  turtle.  It  occupies 
the  caudal  part  of  the  basal  surface  of  the  large  rounded  promi- 
nence rostral  to  the  optic  chiasma.  The  rostral  half  of  this  sur- 
face shows  the  characteristics  of  the  olfactory  tubercle.  The 
caudal  half  lacks  these  peculiarities  and  is  largely  filled  by  the 
medial  forebrain  bundle. 
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DIAGONAL  BAND  OF  BROCA   AND  GYRUS  SUBCALLOSUS 

The  lai^e  basal  mass  which  includes  the  head  of  the  caudate, 
the  parolfactory  nuclei,  the  tuberculum  olfactorium  and  the  ante- 
rior perforate  space  appears  on  the  medial  surface  as  a  rounded 
area  (figs.  3,  6)  bounded  dorsally  and  caudally  by  a  groove  which 
descends  to  the  basal  surface,  bends  transversely,  and  disappears. 
This  groove,  as  the  further  description  will  make  clear,  is  the 
homologue  of  the  fissura  prima  of  His. 

The  area  dorsal  to  the  horizontal  limb  of  this  fissure  is  the 
primordium  hippocampi  (Johnston  '13  b).  The  area  between 
the  fissure  and  the  lamina  terminalis  (fig,  6,  g.s.)  is  occupied  by 
a  cell  mass  and  a  fiber  bundle  both  of  which  are  characteristic 
of  this  region  in  all  mammals  and  perhaps  in  all  vertebrates. 
In  a  previous  paper  ('13  b)  this  cell  mass  has  been  included  in 
the  description  of  the  medial  nucleus  parolfactorius  in  both  the 
turtle  and  mammals.  This  was  an  error.  Since  this  cell  mass 
lies  caudal  to  the  fissura  prima  in  mammals,  it  is  outside  the 
limits  of  the  parolfactory  area.  It  may  be  spoken  of  as  the 
nudeua  of  the  diagonal  band.  In  mammals  this  consists  of  a 
thin  plate  of  closely  packed  cells  which  extends  from  a  point 
rostral  to  the  anterior  commissiire  down  in  front  of  the  optic 
chiasma  and  caudad  on  the  latero-basal  surface  to  the  amygda- 
loid complex.  It  is  very  sharply  marked  in  the  rabbit  and  has 
been  figured  in  the  opossiun  and  bat  ('13  b,  figs.  28,  42),  The 
distinction  between  this  nucleus  and  the  medial  parolfactory 
nucleus  is  shown  in  figure  46  of  the  paper  referred  to,  where  this 
nucleus  consists  of  small  cells  rostral  to  the  anterior  commissure 
and  is  not  separately  labelled.  The  cell-free  zone  between  this 
and  the  medial  parolfactory  nucleus  corresponds  to  the  fissura 
prima. 

In  the  turtle  the  same  plate  of  cells  is  found  (figs.  20,  21) 
occupying  the  medial  surface  rostral  to  the  anterior  commissure 
and  extending  down  close  in  front  of  the  preoptic  recess,  near  the 
large-celled  supraoptic  nucleus  (fig.  19),  and  continuing  later- 
ally and  caudally  ectal  to  the  medial  forebrain  bundle  (fig.  18) 
until  it  expands  into  the  large  anterior  nucleus  of  the  amygdaloid 
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complex  from  which  arises  the  great  olfactoiy  projection-  tract 
(fig.  17).  The  reUitions  to  the  amygdaloid  will  be  further  de- 
scribed in  the  next  section.  The  extreme  rostral  and  upper  end 
of  this  nucleus  is  the  very  dense  collection  of  cells  seen  near  the 
recessus  superior  in  figures  19  and  39.  There  is  no  break  in  the 
continuity  of  the  nucleus  described  but  on  the  basal  surface  in 
front  of  the  optic  chiasma  and  lateral  to  the  optic  tract,  the 
number  of  cells  is  much  less  than  in  the  medial  wall.  Through-  ■ 
out  the  length  of  the  nucleus  its  cells  are  small  and  are  some- 
what elongated  in  the  direction  of  the  densely  packed  bundle  of 
fine  fibers  among  which  they  lie. 

The  fibers  in  question  enter  into  the  precommissural  bundles 
of  the  fornix  system  in  the  medial  wall.  They  are  the  olfactory 
radiations  of  Zuckerkandl  and  constitute  the  chief  pathway 
from  the  amygdaloid  region  to  the  hippocampus.  Compare 
'13  b,  p.  410.  From  the  amygdaloid  forward  along  the  basal 
surface  these  fibers  form  a  low  ridge  parallel  with  the  optic  tract 
(figs.  1,  8,  19)  and  in  this  position  the  bundle  is  clearly  visible  in 
the  entire  brain  (fig.  2).  The  bundle  is  clearly  distinct  from 
the  medial  forebrain  bundle  which  lies  ental  to  this.  In  front 
of  the  optic  chiasma  the  bundle  is  seen  to  be  composed  of  two 
parts,  one  of  which  is  derived  from  the  medial  olfactory  tract  as 
above  described,  while  the  other  bends  up  into  the  medial  wall, 
spreads  out  in  the  area  between  the  fissura  prima  and  the  com- 
missures, and  enters  the  hippocampus  (figs,  56,  57).  The  tri- 
angular area  between  the  fissura  prima  and  the  commissures  in 
which  this  bundle  spreads  out  like  a  fan  is  the  equivalent  of  the 
mammalian  gyrus  subcallosus.  Lateral  to  the  optic  chiasma 
this  bundle  passes  close  to  the  supra-optic  nucleus  and  there 
seems  to  be  a  connection  between  the  two  which  has  not  yet 
been  carefully  studied. 

The  homology  of  the  area  described  in  this  section  with  the 
gyrus  subcallosus  and  the  diagonal  band  of  the  mammalian 
brain  is  obvious.  Its  chief  morphological  significance  is  that  it 
represents  the  persistence  of  the  preoptic  and  precommissural 
connection  between  the  medial  olfactory  area  and  hippocampus 
on  the  one  hand  and  the  lateral  olfactory  area  and  amygdaloid 


Digitized  by  Google 


CELL  MASSES   IN   THE   FOREBRAIN  409 

complex  on  the  other  hand.  In  the  ichthyopsid  brain  where 
the  temporal  pole  has  not  yet  been  formed,  the  continuity  of  the 
corresponding  regions  is  broad  and  direct.  The  size  and  func- 
tional importance  of  this  connection  in  reptiles  and  mammals 
is  of  great  signiiicance  for  the  explanation  of  the  evolution  of  the 
temporal  pole  and  the  general  pallium. 

LOBUS  PYRIF0BMI8 

As  already  indicated  the  pyriform  lobe  forms  a  somewhat 
pronainent  ridge  along  the  dorso-lateral  surface  of  the  hemi- 
sphere, extending  from  the  olfactory  peduncle  into  the  caudal 
pole.  It  is  separated  from  the  general  pallium  dorsally  by  the 
fissura  rhinalis.  Rostrad  this  fissure  runs  obliquely  mesad  and 
joins  the  peduncular  groove  or  constriction  as  it  bends  down  into 
the  medial  wall.  Caudally  the  fissura  rhinalis  presents  consider- 
able individual  variation  in  its  depth  and  length.  Usually  it 
fades  away  at  about  the  middle  of  the  hemisphere  (fig.  1)  so  that 
there  is  no  gross  boundary  line  between  the  caudal  part  of  the 
pyriform  lobe  and  the  general  pallium.  In  the  rostral  part  of  the 
hemisphere  a  slight  sulcus  endorhinalis  approximately  marks  the 
boundary  between  the  pyriform  lobe  and  the  area  occupied  by 
the  tuberculum  and  corpus  striatum  (figs.  22  to  26).  The  caudal 
continuation  of  this  sulcus  becomes  much  deeper  between  the 
pyriform  lobe  and  the  striatal  area  (fig.  1)  and  bends  down 
between  the  striatal  area  and  the  amygdaloid  prominence.  At 
the  point  of  bending  is  the  deepest  part  of  this  groove  and  from 
this  point  the  amygdaloid  fissure  extends  caudad  as  above 
described. 

The  pyriform  lobe  consists  of  the  lateral  olfactory  tract  and 
the  special  gray  matter  accompanying  the  tract.  Sections 
through  the  middle  or  rostral  part  of  the  lobe  (figs.  19,  25)  show 
that  it  consists  of  a  superficial  fiber  layer  and  a  deeper  plate  of 
cells  and  that  it  is  everywhere  very  clearly  and  sharply  separated 
from  the  border  of  the  palUum,  the  dorsal  ventricular  ridge  and 
the  lenticular  nucleus  by  a  cell-free  zone.  This  cell-free  zone  is 
more  sharply  marked  than  any  other  in  the  brain. 
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The  outer  surface  of  the  lobe  is  covered  by  a  continuous  sheet 
of  fibers  of  the  lateral  olfactory  tract.  These  arise  in  larger 
part  from  the  lateral  wall  of  the  olfactory  bulb  and  in  smaller 
part  from  the  dorsal  and  medial  wall.  The  former  fibers  enter 
the  extreme  rostral  end  of  the  pyriform  lobe  on  the  lateral  sur- 
face of  the  peduncle;  the  latter  cross  from  the  medial  to  the 
lateral  side  in  the  peduncular  groove  on  the  dorsal  surface  and 
join  the  former  fibers  to  make  up  the  common  tract  (figs.  55,  56). 

Just  behind  the  peduncular  constriction  the  pyriform  lobe 
appears  to  thicken  rapidly.  This  thickening  forms  a  conspicu- 
ous roimded  prominence  on  the  dorso-Iateral  surface  of  the 
hemisphere  (figs.  26,  5).  The  arrangement  and  relations  of  the 
cell  masses  in  this  prominence  show  at  once  that  it  is  made  up 
of  two  parts.  The  surface  layer  of  cells  belongs  to  the  pyriform 
lobe  and  is  no  thicker  here  than  elsewhere.  The  elevation  here 
is  due  to  the  deep  layer  of  cells  which  is  the  thickened  lateral 
border  of  the  general  palUum  (figs.  24,  25,  26).  This  is  indeed  a 
lateral  extension  of  the  dorsal  pallial  thickening,  which  lies 
beneath  the  pyriform  lobe  as  the  lateral  border  of  the  pallium 
does  throughout  the  rostral  two-thirds  of  the  lobe.  The  pyri- 
form lobe,  then,  is  not  actually  thickened  but  is  merely  bulged 
out  by  the  thickening  of  a  pallial  formation  beneath. 

The  majority  of  cells  in  the  pyriform  lobe  are  lat^e  multipolar 
cells  with  lacge  dendrites.  In  regard  to  this  a  comparison  of  the 
pyriform  lobe  with  other  parts  of  the  forebrain  reminds  one  of 
the  comparison  between  Deiters'  nucleus  and  adjacent  nuclei 
in  the  medulla  oblongata.  The  cells  are  noticeably  lai^er  in  the 
rostral  half  of  the  lobe  than  in  the  caudal,  the  largest  cells  and 
the  greatest  proportion  of  large  cells  being  found  just  behind  the 
prominence  above  mentioned.  In  the  caudal  part  the  cells 
become  distinctly  smaller  and  where  the  lobe  broadens  out  to 
form  the  lateral  wall  of  the  ventricle,  the  cells  take  on  pyra- 
midal forms  much  like  the  cells  of  the  general  paUium  or  the 
hippocampus. 

Throughout  the  rostral  half  of  the  pyriform  lobe  small  cells 
are  almost  wholly  confined  to  its  ventral  portion  (figs.  19,  25,  40). 
These  small  cells  extend  somewhat  below  the  sulcus  endorhinalis, 
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and  the  cell-free  zone,  which  accurately  marks  the  boundary 
of  the  lobe,  meets  the  surface  ventral  to  the  sulcus  endorhinalis. 
This  sulcus  is  therefore  actually  within  the  area  of  the  pyrif orm 
lobe.  At  the  caudal  border  of  the  striatal  area  the  band  of  small 
cells  along  the  ventral  border  of  the  pyriform  lobe  spreads  ven- 
trad  in  a  broad  sheet  across  the  base  of  the  amygdaloid  fissure 
(fig.  5)  and  expands  into  a  lai^e  nucleus  of  small  cells  occupying 
the  lateral  and  rostral  part  of  the  amygdaloid  prominence  (figs. 
17,  16).  This  sheet  of  small  cells  is  accompanied  by  a  large 
bundle  of  fibers  from  the  lateral  olfactory  tract  which  ends  in 
this  nucleus.  This  is  the  nucleus  of  the  lateral  olfactory  tract 
(figs.  5,  17). 

A  further  examination  of  the  relations  of  the  small  cells  in  the 
pyriform  lobe  shows  that  essentially  two  nuclei  or  two  cell  groups 
are  to  be  distinguished.  The  small  cells  in  the  region  of  the 
amygdaloid  fissure  are  very  clearly  separated  from  the  large- 
celled  part  of  the  lobe  by  a  space  or  cell-free  zone  (figs.  15, 16, 17). 
Farther  forward  although  there  is  no  space  separating  them, 
the  small  cells  do  not  mingle  with  the  large  ceUs  and  the  small- 
celled  band  becomes  continuous  with  the  superficial  layer  of  the 
tuberculum  and  through  that  with  the  medial  olfactory  nucleus 
(fig.  26).  The  large-celled  nucleus,  on  the  other  hand,  main- 
tains its  identity  rostrad  to  the  peduncle  as  already  described 
(fig.  28).  Moreover,  the  location  of  the  small  cells  below  the 
endorhinal  sulcus  gains  significance  from  the  fact  that  at  the 
level  of  the  tuberculum  the  small-celled  band  spreads  veutrally 
to  become  continuous  with  the  superficial  layer  of  the  tuberculum. 
The  cell-free  zone  which  limits  the  pyriform  lobe  internally  now 
becomes  continuous  with  the  limiting  zone  which  appears  between 
the  caudate  sulcus  and  the  layers  of  the  tuberculum  (figs.  26,  27). 

These  relations  when  summed  up  with  the  description  that  has 
gone  before  show  that  there  is  a  continuous  area  of  small-celled 
olfactory  nuclei  comprising  the  medial  parolfactory  nucleus,  the 
superficial  layer  of  the  tuberculum,  the  small-celled  band  of  the 
pyriform  lobe,  the  small-celled  nucleus  of  the  amygdaloid  complex 
and  the  nucleiis  of  the  diagonal  band.  These  together  constitute 
a  continuous  ring  which  surrounds  the  crucial-striatal  area. 
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The  whole  of  this  ring  receives  fibers  from  either  the  lateral  or 
medial  olfactory  tract.  This  continuous  complex  of  small- 
celled  nuclei  seems  to  serve  as  an  intermediate  selecting  and 
distributing  station  through  which  olfactory  impulses  are  for- 
warded to  the  cortical  center  for  sensation,  the  hippocampus; 
or  to  one  of  the  motor  correlation  centers  in  the  diencephalon, 
or  to  centers  lower  down  the  brain  stem  (compare  Johnston  '15  a). 
The  greater  part  of  the  pyriform  lobe  made  up  of  lai^e  cells  is 
probably  concerned  with  olfacto-somatic  correlation.  Other 
places  for  correlation  of  olfactory  and  somatic  impressions  are 
probably  found  in  the  amygdaloid  complex  and  in  the  hippo- 
campus (subiculum).  The  distribution  of  large  ceils  in  the 
pyriform  lobe  probably  gains  significance  from  their  relation  to 
the  pallial  thickening. 

The  boundary  line  between  the  pyriform  lobe  and  the  general 
pallium  is  less  distinct  in  the  caudal  part  than  elsewhere.  As 
the  pyriform  lobe  is  followed  caudad  in  sections  to  the  point 
where  it  forms  the  whole  thickness  of  a  part  of  the  wall  of  the 
ventricle  (figs.  13  to  15)  the  cell-free  zone  at  first  continues  as  a 
very  clear  oblique  dividing  line  in  this  wall  (fig.  14).  This  over- 
lapping of  the  general  palhum  by  the  border  of  the  pyriform  lobe 
is  very  characteristic.  This  dorsal  border  of  the  lobe  rises  dorsally 
in  its  caudal  portion  as  the  model  clearly  shows  (fig.  5).  In 
transverse  sections  through  the  region  in  which  the  small-celled 
portion  of  the  pyriform  lobe  spreads  ventrad  to  merge  with  the 
nucleus  of  the  lateral  olfactory  tract,  the  cell  masses  of  the 
dorsal  ventricular  ridge  begin  to  be  connected  by  a  thick  curved 
layer  of  cells  with  what  appears  to  be  the  cell  layer  of  the  pyri- 
form lobe  in  the  lateral  wall  (fig.  15).  When  this  relation  is 
studied  in  sections  farther  caudad  (figs.  11,  12)  it  is  clearly  seen 
that  it  is  the  general  pallium  which  thus  enters  into  continuity 
with  the  ventricular  ridge.  In  transverse  sections  there  is  no 
sharp  boundary  between  pyriform  lobe  and  general  paUium. 
It  is  noticed,  however,  that  there  is  a  narrow  portion  of  the  wall 
adjacent  to  the  dorsal  boundary  of  the  lobe  in  which  the  cells 
are  placed  close  to  the  ventricular  surface  (fig.  12).  The  obUque 
line  bounding  the  lobe  dorsally  at  length  gives  way  to  a  narrow 
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area  in  which  the  cells  of  the  lobe  meet  those  of  the  pallium  above 
in  a  confused  mass.  The  ventro-caudal  margin  is  not  clear. 
Sections  give  the  impression  that  the  pyriform  lohe  mei^es  in- 
sensibly with  the  general  pallium  in  this  region.  In  the  model 
this  boundary  has  been  fixed  arbitrarily. 

THE  AMYGDALOID  COMPLEX 

When  the  hemisphere  of  the  turtle  brain  is  viewed  from  the 
lateral  and  basal  aspects  (figs.  1,  2,  5,  6)  the  region  which  is 
occupied  in  part  by  the  amygdaloid  complex  appears  as  a  basal 
prominence  similar  to  the  temporal  pole  of  the  mammalian  brain. 
It  is  bomided  rostrally  by  the  crucial-striatal  area,  medially  by 
the  optic  tract  and  thalamus  and  laterally  by  the  amygdaloid 
fissure.  Caudally  this  prominence  passes  insensibly  into  the 
rounded  caudal  pole. 

Nucleus  of  the  lateral  olfactory  tract.  As  above  described, 
a  part  of  the  lateral  olfactory  tract  bends  down  across  the  amyg- 
daloid fissure  just  caudal  to  the  striatal  area  and  ends  in  the 
lateral  border  and  rostral  tip  of  the  amygdaloid  prominence 
(fig.  8).  This  region  is  therefore  clearly  homologous  with  the 
nucleus  of  the  lateral  olfactory  tract  in  the  mammahan  brain. 
This  nucleus  is  composed  of  small  cells  which  occupy  the  tip 
and  lateral  part  of  the  amygdaloid  prominence  and  extend  in  a 
thin  layer  across  the  amygdaloid  fissure  to  meet  in  a  thickened 
border  the  large-celled  nucleus  Of  the  pyriform  lobe  (figs.  16,  17). 
The  two  nuclei  are  separated  by  a  cell-free  zone  and  this  con- 
dition continues  back  to  the  cad  of  the  nucleus  (fig.  13).  At 
the  caudal  border  of  the  striatal  area  the  thin  layer  of  small 
cells  is  traversed  by  the  fibers  of  the  lateral  olfactory  tract  which 
bend  down  into  this  nucleus,  and  by  numerous  fibers  from  the 
pyriform  lobe  which  pass  over  the  surface  of  the  nucleus  to  join 
the  stria  medullaris  (fig.  56).  From  the  tip  of  the  amygdaloid 
prominence  the  fibers  of  the  diagonal  band  go  forward  as  above 
described.  These  are  also  mingled  with  the  stria  medullaris. 
At  the  same  time  the  small  cells  of  the  diagonal  hand  merge  with 
the  smatl-celled  nucleus  of  the  lateral  olfactory  tract  (fig.  17). 
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Where  the  thin  layer  of  small  cells  forms  the  boundary  of  the 
striatal  area  it  covers  in  the  large-celled  lateral  nucleus  of  the 
corpus  striatum  (nucleus  lentiformis)  (fig.  16).  In  transverse 
sections  the  nucleus  lentiformis  is  followed  caudad  for  some 
distance  beyond  this,  always  traversed  by  bundles  of  crucial 
fibers  which  are  bending  up  into  the  palUum  and  the  dorsal 
ventricular  ridge.  The  nucleus  lentiformis  gradually  grows 
smaller  and  is  replaced  by  the  small-celled  nucleus  which  grows 
thicker  caudally  and  enters  into  clf^e  relations  with  the  caudate 
nucleiis.  Indeed,  in  its  rostral  portion  the  entire  amygdaloid 
enunence  is  filled  with  small  cells,  the  ventricular  portion  being 
the  caudate  nucleus,  the  superficial  portion  being  the  enlarged 
continuation  of  the  nucleus  of  the  lateral  olfactory  tract  (fig.  17). 

Relations  of  the  caudate  nucleus.  It  has  been  stated  that  the 
caudate  ends  about  opposite  the  end  of  the  middle  ventricular 
groove  and  is  bounded  by  the  branch  of  that  groove  which 
bends  down  into  the  temporal  horn  of  the  ventricle.  Here  the 
caudate  merges  with  the  nucleus  of  the  lateral  olfactory  tract  in 
a  small-celled  mass  which  constitutes  the  chief  part  of  the  amyg- 
daloid complex.  In  the  lizards  this  mass,  or  the  caudate  part  of 
it,  is  greatly  enlarged  and  forms  a  prominent  lobe  or  ridge  in  the 
ventricle.  C.  L.  Herrick  showed  that  this  was  an  important 
olfactory  center  and  it  is  this  lobe  which  was  first  called  epistri- 
atum  by  Edinger.  It  was  this  body  whose  relations  very  natu- 
rally suggested  to  Kappers  ('08)  that  the  epistriatum  of  lower 
vertebrates  formed  or  entered  mto  the  amygdaloid  complex  of 
mammals.  In  the  turtle  this  body  is  simply  a  part  of  the  amyg- 
daloid complex  without  hypertrophy.  However,  if  all  the  other 
structures  to  which  the  term  epistriatum  has  been  applied  were 
to  be  gathered  into  it,  the  amygdaloid  complex  would  be  a 
veritable  museum! 

The  caudate  nucleus  at  its  rostral  end  is  closely  related  to  the 
olfactory  tubercle  and  parolfactory  area  and  receives  fibers 
from  the  medial  olfactory  tract.  At  its  caudal  end  it  enters 
into  close  relations  with  the  nucleus  of  the  lateral  olfactory  tract 
and  helps  to  form  the  olfactory  part  of  the  amygdaloid  complex. 
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Medial  large-^hd  nucleus.  In  sections  through  the  rostral 
part  of  the  amygdaloid  complex  the  small-celled  mass  is  covered 
basally  by  a  rounded  cap  consisting  almost  wholly  of  neuropile 
(figs.  16,  42),  only  a  few  medium  sized  cells  being  imbedded  in  it. 
This  neuropile  is  formed  by  the  interlacing  stria  medullaris, 
lateral  olfactory  tract  and  olfactory  radiations  as  above  de- 
scribed. As  the  sections  are  followed  caudally  the  cells  in  this 
neuropile  increase  in  number  and  size  until  a  conspicuous  nucleus 
forms  the  basal  portion  of  the  complex  (figs.  15,  43).  This  is  the 
condition  in  sections  which  pass  through  the  caudal  border  of  the 
stria  medullaris.  Just  caudal  to  this  (figs.  14,  44)  the  temporal 
horn  of  the  ventricle  penetrates  this  nucleus.  Farther  cau- 
dally the  large  cdJs  are  all  found  in  the  lateral  or  amygdaloid  wall 
of  the  ventricle  while  the  hippocampal  formation  and  fimbria 
appear  in  the  medial  wall.  The  large-celled  nucleus  hes  ventral 
to  the  tail  of  the  caudate  nucleus.  This  is  the  region  in  which 
the  tail  of  the  caudate  merges  with  the  small-celled  nucleus  of 
the  lateral  olfactory  tract.  Following  the  sections  caudad, 
the  caudate  rapidly  diminishes  and  the  large-celled  nucleus 
spreads  farther  dorsad  in  the  large  ventricular  ridge  (figs.  13, 45). 
At  the  same  time  the  nucleus  of  the  lateral  olfactory  tract 
grows  smaller  and  appears  as  a  rather  dense  mass  of  cells  near  the 
amygdaloid  fissure.  Now  there  appears  in  the  ventral  wall 
between  this  and  the  hippocampus  sa  area  of  scattered  cells 
which  on  being  followed  further  caudad  is  found  to  belong  to 
the  general  palUum  (which  see).  By  the  time  this  condition 
is  reached  the  caudate  has  entirely  disappeared  from  the  sections 
and  the  large-celled  nucleus  has  spread  dorsad  to  the  level  of  the 
dorsal  branch  of  the  middle  ventricular  groove.  Here  this  nu- 
cleus constitutes  a  ventricular  layer  of  large  cells  rather  closely 
packed  but  not  arranged  in  clusters  as  are  the  cells  of  the  dorsal 
part  of  the  dorsal  ventricular  ridge.  Further  from  the  ventricle 
the  lower  part  of  the  ridge  is  filled  by  the  same  irregularly  placed 
cells  as  are  found  in  the  dorsal  part.  Both  these  and  the  ventric- 
ular layer  of  large  cells  merge  with  the  general  palhum  in  the 
ventral  wall.    The  ventricular  layer  representing  the  large- 
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celled  nucleus  continues  over  the  medial  surface  of  the  basal 
lobe  of  the  ridge  to  its  caudal  end. 

Further  evidence  as  to  the  individuality  of  this  nucleus  is 
found  in  its  fiber  connections.  Only  the  general  disposition  of 
its  chief  tract  will  be  described  here.  In  the  extreme  tip  of  the 
temporal  horn  of  the  ventricle  (figs.  10,  13,  14)  is  seen  a  small 
ridge  which  follows  the  ventro-rostral  border  of  this  nucleus. 
It  is  clearly  seen  in  the  model  and  in  sections  in  all  planes.  This 
ridge  is  composed  chiefly  of  fibers  which  run  caudad  over  the 
medial  surface  of  this  nucleus.  In  addition  to  the  bundle  which 
forms  the  ridge  there  is  a  thin  sheet  of  fibers  in  small  fascicles 
covering  the  whole  medial  face  of  this  nucleus.  All  of  these  fibers 
gradually  disappear  as  they  are  traced  caudad  over  this  nucleus, 
in  which  they  have  either  their  origin  or  ending.  Traced  rostrad 
'  all  these  fibers  pass  through  the  tail  of  the  caudate  as  a  thick 
bundle.  Here  the  bundle  is  just  lateral  (internal)  to  the  stria 
medullaris  as  that  bundle  rises  from  the  nucleus  of  the  lateral 
olfactory  tract  to  enter  the  thalamus.  The  bundle  here  described 
now  forms  the  most  compact  part  of  the  stria  terminalis  and  in 
addition  a  large  part  of  its  fibers  go  forward  diffusely  in  the  sub- 
stance of  the  caudate  nucleus.  A  further  discussion  of  the 
relations  of  this  bundle  will  be  reserved  for  a  later  study  of  the 
stria  terminalis  system.  It  is  evident,  however,  from  the  facts 
given,  that  what  is  here  described  as  the  medial  large-celled 
nucleus  belongs  to  the  amygdaloid  complex  and  the  distribution 
of  the  stria  terminalis  bundle  confirms  the  observations  as  to  its 
extent,  based  upon  the  character  and  grouping  of  cells. 

Dorsal  ventricidar  ridge.  Farther  caudally  in  transverse 
sections  the  ventricle  pushes  around  both  laterally  and  ven- 
trally  until  the  whole  ventricular  ridge  is  seen  attached  to  a 
pallial  wall  and  no  longer  to  the  brain  stem  (figs.  11,  12).  In 
this  pallial  wall  the  extent  of  the  general  pallium  and  hippo- 
campal  formation  can  be  made  out,  at  least  roughly,  as  repre- 
sented in  the  model.  The  dense,  deep  layer  of  cells  of  the  pallium 
turns  into  the  ventricular  ridge  where  it  is  continued  by  layers 
of  ceUs  lying  adjacent  to  the  ventricle.  The  sparsely  scattered 
cells  in  the  outer  part  of  the  pallial  wall  are  continued  into  the 
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core  of  the  ventricular  ridge  where  they  are  somewhat  more 
compactly  arrai^;ecl  than  in  the  palhum.  The  section  passes 
through  the  caudal  part  of  the  amygdaloid  fissure.  It  is  readily 
seen  that  the  ventricular  ridge  corresponds  to  the  external  groove 
and  that  the  fissure  is  a  true  fold  of  the  brain  wall.  Examina- 
tion of  the  relations  ot  all  parts  of  the  dorsal  ridge  gives  the  im- 
pression that  the  ridge  is  an  infoldli^  of  the  brain  wall  from 
this  region  and  that  it  has  pushed  forward  well  toward  the 
rostral  end  of  the  hemisphere.  Its  cell  layers  come  into  continu- 
ity with  those  of  the  palhum  here  in  the  amygdaloid  fissure  and 
with  no  other  nucleus  whatever.  They  are  sharply  distinguished 
from  those  of  the  caudate  and  lenticular  nuclei  and  from  the 
pyriform  lobe  and  are  usually  separated  from  these  by  cell-free 
zones  {figs.  11  to  22).  In  its  rostral  part  the  ridge  is  sharply 
separated  from  all  other  cell  masses  and  projects  freely  into  the 
ventricle. 

In  a  transverse  section  taken  at  the  level  of  the  stria  medullaris 
the  cells  in  this  ridge  present  the  arrangement  seen  in  figure  16. 
All  around  the  ventricular  surface  are  a  great  number  of  large 
and  small  clusters  of  cells.  Some  of  these  clusters  are  large, 
rounded  and  have  a  definite  outline.  Others  are  very  irregular 
and  their  outlying  cells  mingle  with  the  scattered  cells  between 
the  clusters.  The  individual  cells  of  the  clusters  do  not  differ 
materially  in  size  from  those  of  the  adjacent  general  pallium  hut 
are  conspicuously  larger  than  those  in  any  other  part  of  the  same 
section.  In  the  lower  part  of  the  ridge,  adjacent  to  the  middle 
ventricular  groove,  there  is  a  tendency  for  the  cells  to  be  closely 
aggregated  in  a  large  area  without  special  clusters. 

The  core  or  central  part  of  the  ridge  is  largely  filled  by  fibers 
amoi^  which  are  scattered  cells.  These  cells  are  smaller  than 
those  of  the  clusters.  The  ventral  part  of  this  area  is  encroached 
upon  by  the  lentiform  nucleus  and  by  the  main  body  of  fibers 
entering  or  leaving  the  ridge  (figs.  15  to  22).  The  dorsal  part  of 
the  central  area  of  the  ridge  contains  a  larger  number  of  cells 
almost  evenly  scattered.  Many  of  these  cells  appi^ach  in  size 
those  of  the  clusters.  This  part  has  almost  the  appearance  of 
an  independent  cell-mass  and  for  convenience  may  be  called  the 
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core-nucleuB.  It  extends  through  nearly  the  whole  length  of  the 
ridge  as  a  large,  somewhat  quadrilateral  area  bounded  laterally 
by  the  pyriform  lobe  and  centrally  by  the  cell  clusters  of  the 
ventricular  layer  Dorsally  it  is  separated  from  the  thickened 
border  of  the  general  palUum  by  a  cell-free  zone  of  fibers  and 
ventrally  it  is  bounded  by  the  chief  fiber  mass  in  the  center  of 
the  ridge.  Toward  the  rostral  end  of  the  ridge  this  body  of  cells 
becomes  separated  into  two  masses  in  the  transverse  section, 
owing  to  the  general  pallium  and  lentiform  nucleus  pressing  into 
it  from  above  and  below  respectively  (fig.  22).  Caudally  this 
mass  of  cells  become  less  distinct  and  mei^es  with  the  super- 
ficial cells  of  the  general  cortex  as  noted  at  first.  Throughout 
the  greater  part  of  its  length  this  core-nucleus  is  penetrated  by 
numerous  fibers  which  pass  up  from  the  internal  capsule  to  the 
^ckened  lateral  border  of  the  general  pallium.  Although  only 
a  few  such  fibers  are  seen  in  Weigert  sections,  a  great  number 
of  non-medullated  fibers  take  this  course  and  they  are  very 
conspicuous  in  Cajal  preparations. 

Comparison  of  the  turtle  brain  with  that  of  some  lower  mam- 
mals leads  to  the  su^estion  that  the  dorsal  ventricxUar  ridge  is 
the  homologue  of  one  of  the  cell  masses  which  constitute  the 
amygdaloid  complex  in  mammals.  This  is  entirely  independent  of 
the  homology  of  the  'epistriatum'  with  the  amygdaloid  body  sug- 
gested by  Kappers  and  others.  This  ventricular  ridge  is  a  wholly 
different  structure  from  the  'epistriatum'  of  Kappers.  This 
matter  will  be  discussed  in  a  later  paper  dealing  with  the  amyg- 
daloid complex  in  the  opossum  and  some  mammals.  To  follow 
the  comparison  here  would  lead  beyond  the  limits  of  this  paper. 

The  amygdaloid  complex  in  the  turtle  includes  the  following 
structures:  the  nucleus  of  the  lateral  olfactory  tract,  the  tail  of 
the  caudate  nucleus,  the  medial  large-celled  nucleus  and  prob- 
ably the  dorsal  ventricxilar  ridge.  The  amygdaloid  eminence 
in  the  temporal  pole  is  encroached  upon  by  both  the  hippo- 
campus and  the  general  pallium.  The  amygdaloid  complex 
has  related  to  it  the  lateral  olfactory  tract,  a  bundle  of  the  medial 
olfactory  tract,  the  bundle  of  the  diagonal  band,  the  stria  medul- 
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laris,  the  stria  terminalis,  fibers  of  the  sensory  radiations  from 
the  thalamiis,  an  olfacto-hypothalanuc  projection  tract,  and  an 
anterior  commissure  bundle. 

The  simple  enumeration  of  these  tracts  shows  that  while  the 
amygdaloid  complex  in  mammals  is  a  compact  collection  of  cell 
masses  occupying  a  restricted  area  in  the  temporal  pole,  it  is  a 
complex  of  very  diverse  elements  which  have  been  brought 
together  by  mechanical  forces  and  have  no  primary  functional 
unity. 

The  extent  oj  the  kippocampal  formaiion.  The  morphological 
relations  of  the  hippocampal  formation  have  been  treated  with 
some  fulness  in  a  previous  paper  {'13  b).  There  is  now  to  be 
noticed  the  boundary  between  hippocampus  and  general  pallium 
and  the  relation  of  the  hippocampal  formation  to  the  amygdaloid 
complex.  In  the  rostral  part  of  the  hemisphere  the  characters 
shown  in  figure  47  enable  us  to  fix  the  boundary  of  the  hippo- 
campus with  some  degree  of  accuracy  on  the  basis  of  cell  arrange- 
ment. Above  the  fimbrio-dentate  sulcus,  which  separates  the 
homologue  of  the  fascia  dentata  from  the  primordium  hippo- 
campi and  fimbria,  there  are  first  pyramidal  cells  compactly 
arranged  in  a  ventricular  layer  with  few  peripheral  cells.  The 
cells  are  smaller  than  the  cells  in  most  parts  of  the  general  pallium 
but  are  neither  so  small  nor  so  closely  crowded  as  the  cells  in 
the  deep  layers  in  the  middle  part  of  the  dorsal  pallium  in  this 
region.  This  is  the  portion  which  is  now  generally  accepted  as 
the  homologue  of  the  fascia  dentata  of  mammals.  There  is  no 
clear  separation  or  distinction  between  fascia  dentata  and  hippo- 
campus in  this  turtle's  brain. 

Dorsal  to  this,  the  cells  in  the  medial  wall  are  less  closely 
arranged,  appear  larger  and  are  less  deeply  stained.  Many  cells 
here  are  placed  far  from  the  ventricle,  even  lying  in  the  outer 
half  of  the  wall.  Many  cells  adjacent  to  the  ventricle  are  dls~ 
tinctly  pyramidal  in  form  and  have  lai^e,'  dominating  apical 
dendrites.  This  loose  arrangement  of  cells  rather  suddenly 
gives  way  to  a  compact  arrai^ement  near  the  dorso-medial 
angle  of  the  hemisphere.    The  dorsal  area  of  compact  cells  will 
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be  described  as  part  of  the  general  pallium.  The  area  of  loose 
cells  probably  belongs  to  the  hippocampal  formation  and  the 
transitional  region  called  the  subiculum. 

As  transverse  sections  are  followed  caudad  the  area  which  is 
here  assigned  to  hippocampal  formation  and  subiculum  grows 
rapidly  wider.  There  is  nowhere  a  sharp  Une  of  demarcation 
between  hippocampus  and  general  palUxun,  and  none  is  to  be 
expected.  There  is  everywhere  noticeable  the  point  at  which 
the  deep  cell  layer  becomes  abruptly  more  compact.  This  point 
has  been  taken  as  the  medial  boundary  of  the  general  pallium 
In  making  the  model  so  that  what  is  there  shown  as  hippocampal 
formation  probably  includes  the  equivalent  of  the  subiculum  eis 
well  (see  fig,  6). 

As  the  sections  are  traced  caudad  there  is  a  gradual  change  in 
the  size  of  the  cells.  The  cells  of  the  hippocampal  formation 
become  smaller,  those  of  the  dorsal  general  pallium  somewhat 
larger,  imtil  the  difference  is  at  first  noticeable,  then  conspicuous. 
From  the  level  of  the  commissures  caudad  the  cells  of  the  hippo- 
campus are  much  smaller  than  those  of  the  general  cortex. 

In  the  occipital  and  temporal  poles  of  the  hemisphere  essenti- 
ally the  same  characters  are  found.  Near  the  fimbria  border  is  * 
an  area  of  dense  cells  in  a  deep  layer.  Next  to  it  is  an  area  with 
cells  loosely  arranged  and  many  of  them  near  the  periphery  {fig. 
45).  In  the  temporal  region  this  area  of  loose  cells  is  narrow  said 
is  accompanied  by  an  internal  sulcus  which  serves  as  an  addi- 
tional landmark.  The  boundary  shown  in  the  model  made  from 
transverse  sections  has  been  carefully  checked  up  by  means  of 
horizontal  sections  and  found  to  be  essentially  correct. 

The  fimbria  passes  over  the  interventricular  foramen  and  con- 
tinues back  along  the  border  of  the  hippocampal  formation  to 
which  the  choroid  plexus  is  attached  (fig.  57).  The  bundle 
decreases  in  size  as  it  proceeds  but  is  still  fairly  large  at  the 
caudal  end  of  the  choroid  fissure.  Here  the  fimbria  bends 
around  the  end  of  the  fissure  and  spreadsin  the  medial  wall  of 
the  ventricle  medial  to  the  position  of  the  large-celled  amyg- 
daloid nucleus.  This  is  sufficient  evidence  that  the  hippocampal 
formation  extends  around  the  end  of  the  choroid  fissure  into  the 
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medial  wall  ot  the  temporal  pole  and  confirms  the  conclusion 
based  on  the  study  ot  the  cells. 

In  the  temporal  pole  the  hippocampus  comes  into  contact 
with  the  general  paUium  and  the  large-celled  amygdaloid  nucleus 
only,  not  at  all  with  the  nucleus  of  the  lateral  olfactory  tract 
or  any  of  the  small-celled  portion  of  the  amygdaloid  complex 
(fig.  8).  The  hippocampal  formation  is  intimately  related  in 
front  with  the  olfactory  bulb  and  secondary  olfactory  centers. 
Caudally  it  forma  the  border  of  the  pallium  adjacent  to  the 
choroid  fissure  and  is  bounded  on  the  other  side  by  general  pal- 
lium. There  is  no  continuity  of  cell  masses  between  the  caudal 
end  of  the  hippocampus  and  the  caudal  part  of  the  secondary 
olfactory  centers.  The  olfactory  apparatus  taken  as  a  whole 
does  not  form  a  complete  ring  following  the  line  of  junction  of  the 
hemisphere  with  the  brain  stem  ('limbic  lobe')-  An  opening  in 
this  supposed  ring  occurs  between  the  nucleus  of  the  lateral  ol- 
factory tract  and  the  hippocampus. 

THE  GENERAL  PALLIUM 

The  general  palUum  occupies  the  dorsal  and  caudal  walls  of 
the  hemisphere  and  reaches  well  into  the  temponil  pole.  Through- 
out its  whole  extent  it  is  interposed  between  the  hippocampus 
on  the  one  hand  and  the  pyriform  lobe  and  nucleus  of  the  lateral 
olfactory  tract  on  the  other.  The  pyriform  lobe  and  hippo- 
campus meet  one  another  in  front  of  the  rostral  end  of  the  general 
palUum  near  the  olfactory  peduncle  (fig.  7).  The  general  pal- 
lium extends  forward  slightly  further  than  is  shown  in  the  model. 
The  presence  of  a  subiculum  between  the  hippocampus  and 
general  palUum  and  of  a  definite  boundary  Une  between  the 
dorsal  border  of  the  pyriform  lobe  and  the  general  pallium  has 
been  described  above. 

Only  the  most  general  feature  in  the  structure  of  the  pallium 
can  be  described  in  this  paper.  By  far  the  greater  part  of  the 
cell  bodies  are  collected  in  a  dense  layer  near  the  ventricle.  At 
the  dorso-medial  border  the  cells  are  mostly  pyramidal  and  there 
are  a  few  cells  scattered  in  the  outer  part  of  the  pallium.  There 
are  many  more  of  the  peripheral  cells  in  the  adjacent  subiculum. 
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Faiiiier  laterally  the  layer  is  more  compact  and  the  pyramidal 
form  of  the  cells  less  evident. 

The  lateral  border  of  the  paUium  presents  marked  characteris- 
tics in  the  rostral  half  of  the  hemisphere.  In  transverse  sections 
the  cell  layer  has  a  curve  near  the  lateral  border  which  is  alight 
in  the  caudal  part  of  the  hemisphere  (fig.  15),  becomes  more 
marked  rostraily  (fig.  17),  and  near  the  rostral  end  is  strongly 
S-shaped  (figs.  18,  19).  This,  together  with  the  sl^tly  larg» 
size  of  the  cells  and  their  arrangement  in  a  very  compact  layer, 
su^eets  rapid  growth  and  mechanical  crumpling  of  the  cell 
layer.  This  is  the  border  along  which  internal  capsule  fibers 
enter  and  leave  the  pallium  and  there  is  doubtless  a  difference 
of  function  between  this  border  and  the  dorsal  or  medio-dorsal 
parts  of  the  general  paUium.  This  lateral  border  becomes 
gradually  thicker  as  it  is  followed  rostrad  and  dips  down  and 
becomes  more  and  more  overlapped  by  the  pyriform  lobe.  Here 
the  compact  plate  of  cells  becomes  a  thicker  mass  which  in  some 
sections  is  broken  into  several  masses  (figs.  23,  24).  At  the 
rcffltral  end  this  thickened  lateral  border  produces  the  pallial 
thickening  mentioned  in  an  earlier  Section. 

Toward  the  rostral  end  of  the  pallium  the  cell  layer  becomes 
much  less  compact  except  in  the  lateral  thickened  border.  The 
pyramidal  cells  with  prominent  apical  dendrites  are  mostly  con- 
fined to  the  deep  layer  and  outside  of  these  are  many  cells  of 
stellate  or  ovoid  form.  These  cells  are  present  in  the  whole 
width  of  the  pallium  including  the  subiculum  and  the  lateral 
thickffliii^.  In  some  sections  these  cells  seem  to  constitute  an 
incompletely  separate  layer.  When  the  pallial  thickening  begins 
to  form  a  ridge  projecting  into  the  ventricle  it  is  noticed  that 
these  cells  are  more  numerous  in  this  part  of  the  pallium  than 
elsewhere  (figs.  21,  22)  and  from  this  point  on  rostrad  they  form 
a  conspicuous  outer  layer  of  cells  in  the  pallial  thickening  (figs.  23, 
24,  25,  40). 

Near  its  rostral  end  the  total  number  of  cells  in  the  pallium  is 
greatly  increased,  the  deep  layer  is  much  thickened  and  very 
dense  and  the  outer  layer  extends  well  toward  the  medial  border. 
Indeed,  nearly  the  whole  width  of  the  pallium  at  its  rostral  end 
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bears  the  characteristics  of  the  lateral  thick  border.  In  other 
words,  it  may  be  stated  that  the  body  recognized  in  the  gross 
brain  as  a  pallial  thickening  occupies  the  rostral  end  of  the 
general  pallial  area  and  extends  caudad  as  a  gradually  diminish' 
ii^  lateral  thick  border.  The  pallial  thickening  is  characterized 
by  the  presence  of  a  well-developed  peripheral  layer  of  cells  and 
this  suggests  a  special  functional  significance  for  this  body. 

The  pallial  thickening  last  described  is  the  most  highly  special- 
ized part  of  the  general  pallium  and  is  farthest  removed  from 
the  brain  stem.  The  temporal  portion  of  the  pallium,  adjacent 
to  the  amygdaloid  fissure,  is  the  most  primitive  and  simple  in 
structure.  In  the  caudal  part  of  the  basal  surface  of  the  hemi- 
sphere, where  the  temporal  and  occipital  poles  may  be  said  to  meet, 
the  general  pallium  presents  a  somewhat  more  open  arrangemoit 
than  in  most  of  the  palUum  (fig.  46).  A  lai^er  nimiber  of  cells 
are  placed  near  the  outer  surface.  From  this  praint  rostrad,  to- 
ward the  amygdaloid  eminence,  there  is  the  line  of  transition 
between  palliimi  and  hippocampus  and  an  area  of  pallixmi  in 
which  the  cells  become  more  and  more  irregularly  scattered  as 
one  follows  the  sections  forward  (figs.  45,  44).  At  its  lateral 
border  this  pallial  area  bends  inward  to  become  continuous 
with  the  cell  masses  in  the  dorsal  ventricular  ridge  (figs.  11,  12). 
As  the  sections  are  followed  forward  it  becomes  evident  that  this 
part  of  the  pallium  is  related  to  that  basal  and  caudal  part  of  the 
ventricular  ridge  whose  ventricular  surface  is  covered  by  the 
lai^e-celled  nucleus  of  the  amygdaloid  complex  (fig.  44). 

In  sections  which  pass  through  the  caudal  part  of  the  pyri- 
form  lobe  and  the  deeper  and  broader  part  of  the  amygdaloid 
fissure  (fig.  13),  the  caudo-lateral  prolongation  of  the  nucleus  of 
the  lateral  olfactory  tract  appears  in  the  depth  of  the  fissure. 
Now  the  general  pallial  area  on  the  basal  surface  is  bounded 
by  the  hippocampus  medially  and  by  the  nucleus  of  the  lateral 
olfactory  tract  laterally.  Internally  the  pallial  cells  merge  with 
tiiose  of  the  basal  lobe  of  the  ventricular  ridge.  As  the  sections 
are  followed  forward  the  nucleus  of  the  lateral  olfactory  tract 
increases  in  size  while  the  hippocampal  formation  disappears 
from  the  sections  before  the  tip  of  the  temporal  horn  of  the 
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ventricle  is  reached  (figs.  45,  44).  At  the  same  time  the  tail  of 
the  caudate  nucleus  appears  between  the  dorsal  and  basal  lobes 
of  the  ventricular  ridge.  The  large-celled  nucleus  now  surrounds 
the  temporal  horn  of  the  ventricle  and  occupies  the  pallial  sur- 
face medial  to  the  nucleus  of  the  lateral  olfactory  tract.  Now 
the  large  bundle  of  the  stria  tenninalls  goea  upward  and  forward 
from  the  lai^e-celled  nucleus,  as  above  described.  Finally  the 
large-celled  nucleus  disappears  from  the  sections  at  the  level  of 
the  stria  medullaris. 

Thus  the  general  palliimi  extends  forward  in  the  basal  wall  to 
the  tip  of  the  temporal  pole.  Its  cells  in  this  region  are  of  vari- 
ous forms  and  are  irregularly  scattered  and  there  is  an  intimate 
merging  of  the  paUium  with  the  large-celled  nucleus  of  the  amyg- 
daloid complex.  There  is  no  area  or  avenue  of  continuity  of 
the  cell  masses  of  the  paUium  with  those  of  the  brain  stem.  There 
is,  however,  continuity  of  the  palUum,  the  large-celled  amygda- 
loid nucleus  and  the  lentiform  nucleus  of  the  corpus  striatum. 
The  lentiform  nucleus  imbeds  the  lateral  forebrain  bundle  and  is 
therefore  comparable  with  the  somatic  area  in  the  lateral  wall  of 
the  selachian  forebrain.  In  the  turtle  there  is  continuity  through- 
out the  cell  masses  related  to  the  afferent  and  efferent  fibers 
primarily  somatic  in  function  in  the  lateral  bundle,  or  cms. 
In  the  fishes  the  somatic  area  is  continuous  with  the  sensory 
centers  of  the  thalamus.  That  this  connection  has  been  lost  in 
the  turtle  may  be  attributed  to  the  greater  development  of  the 
hemisphere  which  has  elongated  the  cms  and  drawn  the  lenti- 
form nucleus  away  from  the  thalamus. 

The  general  pallial  portion  of  the  hemisphere  consists  there- 
fore of  (1)  a  broad,  rather  thin  wall  foram^  the  roof  and  caudal 
pole  of  the  hemisphere;  (2)  bounding  this  laterally  and  ante- 
riorly, a  pallial  thickening  which  has  a  pecuUar  structure;  and 
(3)  a  temporal  area  of  simpler  structure  which  is  intimately  con- 
nected with  the  dorsal  ventricular  ridge.  This  ventricular  ridge 
might,  indeed,  logically  be  hsted  as  a  fourth  part  of  the  general 
palUum. 

That  these  four  regions  are  intimately  related  and  constitute 
one  complex  area  in  the  forebrain,  comparable  to  the  olfactory 
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area  with  its  several  nuclei,  is  attested  at  once  by  the  distribution 
of  the  fibers  of  the  cerebral  peduncle  or  internal  capsule.  This 
great  bundle,  where  it  is  about  to  pass  from  the  brain  stem  to  the 
hemisphere  (fig.  33),  is  bounded  laterally  by  the  optic  tract  and 
dorsally  by  the  stria  medullaris  and  stria  terminalis.  Medial 
and  medio-ventral  to  this  bundle  is  a  lai^e  area  of  fibers  which 
contains  (1)  the  olfactory  projection  tract  of  Cajal  ('04,  fig.  778) 
descending  from  the  olfactory  portion  of  the  amygdaloid  complex, 
and  (2)  the  medial  forebrain  bundle  which  follows  the  crus  into 
the  hemisphere  and  runs  forward  in  relation  to  the  tuberculum, 
caudate  and  other  olfactory  nuclei. 

The  great  lateral  forebrain  bundle  or  crus  is  composed  of  two 
parts,  dorsal  and  ventral.  The  dorsal  part  is  coarse-fibered  and 
well  medullated.  It  comes  from  the  nucleus  rotundus  and  ad- 
jacent cell  masses  in  the  dorsal  part  of  the  thalamus  which 
correspond  to  the  thalamic  sensory  nuclei  in  mammals.  The 
ventral  part  consists  of  finer  fibers  which  are  well  medullated  at 
least  in  their  course  through  the  thalamus  and  corpus  striatum. 
This  bundle  bends  somewhat  ventrad  and  runs  caudad  on  the 
ventro-lateral  surface  of  the  thalamus  and  mid-brain  until  some 
distance  behind  the  third  nerve  where  it  becomes  more  diffuse 
and  seems  to  end  at  least  in  large  part  before  the  isthmus  is 
reached.  Without  going  further  into  descriptive  details  it  is 
evident  that  the  dorsal  bundle  contains  the  sensory  radiations 
from  the  thalamus  to  the  hemisphere  and  that  the  ventral 
bundle  corresponds  at  least  roughly  to  the  efferent  tracts  from 
the  hemisphere  as  we  know  them  in  mammals. 

These  two  bundles  behave  differently  in  the  hemisphere.  The 
dorsal  deeper  bundle  bends  up  rapidly  in  larger  and  smaller 
fascicles  through  the  lateral  part  of  the  striatum  and  enters  the 
core  of  the  dorsal  ventricular  ridge.  The  fascicles  spread  rather 
wide  apart  as  they  pass  through  the  striatum  but  are  all  deep 
beneath  the  surface  of  the  brain.  Upon  reaching  the  ventricular 
ridge  the  fibers  enter  into  the  formation  of  a  uniform  lace-work 
in  the  meshes  of  which  the  cells  of  the  core-nucleus  are  evenly 
scattered.  From  this  lace-work  many  fibers  proceed  into  the 
dorsal    pallium.     This  is  the  appearance  seen  in  Cajal  prep- 


□  igitized  by  Google 


426  J.   B.   JOHNSTON 

arations.  In  Weigert  sections  the  fibers  appear  to  lose  their 
myelin  as  they  enter  the  dorsal  ridge  but  a  small  number  of 
.nedullated  fibers  are  seen  running  right  through  the  ridge  into 
the  pallium  (fig.  32),  There  is  at  present  insufficient  evidence 
to  show  what  proportion  of  the  non-medullated  fibers  of  the 
sensory  bundle  reach  the  pallium  but  it  is  clear  that  a  large 
part  of  them  do  so.  WTien  transverse  sections  are  followed  from 
behind  forward  it  is  seen  that  the  coarse-fibered  sensory  bundle 
all  rises  to  the  pallium  or  the  ventricular  ridge  and  disappears 
from  the  sections  before  the  rostral  end  of  the  ridge  is  reached. 
The  distribution  of  fibers  to  the  caudal  pole  of  the  pallium  is 
partly  through  the  base  of  the  ventricular  ridge  and  partly  by 
way  of  the  fiber-layer  of  the  palUum  itself.  Very  few  medul- 
lated  fibers  reach  the  caudal  pole. 

The  ventral,  fine-fibered  bundle  spreads  laterally  in  the  super- 
ficial part  of  the  striatum  (nucleus  lentiformis)  and  rises  toward 
the  lateral  border  of  the  pallium.  The  fascicles,  however,  slant 
forward  more  as  they  run  dorsally  and  the  whole  bimdle  extends 
much  farther  forward  than  the  deeper  coarse-fibered  bundle. 
The  fascicles  break  up  into  diffuse  fibers  before  the  pallium  is 
reached  and  many  of  the  fibers  may  arise  from  the  lentiform 
nucleus  itself.  It  is  clear,  however,  that  the  greater  part  of 
these  fibers  enter  into  the  fiber-layer  in  which  the  lateral  thick- 
ened border  of  the  pallia)  cell-layer  is  imbedded.  Moreover,  the 
greater  part  of  this  bundle  is  related  to  the  pallial  thickening. 

In  sagittal  sections  (fig.  51)  fascicles  from  the  superficial 
bundle  are  traced  directly  up  to  the  pallial  thickening  through  the 
rostral  part  of  the  striatum,  and  also  around  the  rostral  end  of 
the  striatum  through  the  cell-free  zone  between  the  striatum  and 
the  pyriform  lobe.  It  is  interesting  to  note  in  sagittal  sections 
that  meduUated  fibers  enter  the  pallium  and  the  ventricular 
ridge  only  in  the  rostral  part  (half  or  more)  of  each.  The  bundles 
which  rise  from  the  crus  into  the  core  of  the  ventricular  ridge 
lose  their  myelin  or  disperse  so  that  they  can  not  be  traced  far- 
ther as  fascicles. 

In  Chrysemys  marginata  the  ventricular  ridge  is  smaller  than 
in  Cistudo  and  does  not  extend  as  far  forward.     The  pallila 
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thickening  on  the  other  hand  is  relatively  more  extensive.  In 
this  form  the  direct  course  of  the  superficial  fibers  of  the  crus 
up  to  the  pallial  thickening  is  much  more  clear  than  in  Cistudo. 
It  is  hoped  to  test  the  disposition  of  these  fibers  experimen- 
tally. If  the  above  conclusions  drawn  from  the  study  of  sec- 
tions prove  to  be  correct,  it  is  evident  that  the  pallial  thickening 
must  be  regarded  as  the  chief  source  of  the  fibers  descending 
from  the  pallium  to  the  brain  stem.  It  should  be  noted  that  the 
pallial  thickening  occupies  the  same  position  in  the  hemisphere 
as  that  occupied  by  the  motor  area  in  the  lower  mammals,  except 
that  there  is  no  appreciable  frontal  association  area  seen  in  front 
of  it.  Also,  the  descending  fibers  lie  in  front  of  the  stnsory  radi- 
ations as  they  do  in  the  mammahan  internal  capsule.  It  seems 
probable  that  the  pallial  thickening  is  chiefly  motor  (efferent) 
in  function  and  that  the  ventricular  ridge  and  a  large  part  of  the 
general  pallium  are  sensory  and  associational.  However,  it  is 
probable  from  my  present  results  that  the  sensory  and  motor 
areas  are  not  wholly  independent.  Also  the  whole  subject  of 
localization  within  the  sensory  field  is  untouched  in  the  present 
paper. 

SUMMARY  AND  COMMENTS 

The  advantage  offered  by  the  turtle  brain  for  the  study  of  the 
evolution  of  the  mammalian  cerebral  hemisphere  is  that  the  turtle 
occupies  such  an  intermediate  position  between  fishes  and  mam- 
mals that  it  is  possible  from  the  standpoint  of  the  turtle  brain  to 
recognize  the  homologous  structures  in  all  three  groups  and  to 
explain  the  changes  which  have  taken  place  from  the  brain  of 
the  fish  to  that  of  the  turtle  and  from  the  brain  of  the  turtle  to 
that  of  the  marsupials  and  mammals.  This  is  due  to  the  fact 
that  among  living  reptiles  the  turtles  are  most  nearly  related 
to  the  ancestors  of  mammals  and  still  possess  a  relatively  simple 
and  shghtly  specialized  brain.  In  some  points  there  would  be 
great  advantage  from  the  study  of  the  dipnoan  brain,  to  bridge 
the  gap  between  the  fishes  and  reptiles.  This  gap  is  much 
wider  than  that  between  the  reptiles  and  mammals,  since  neither 
the  specialized  fishes  nor  the  amphibians  stand  in  the  line  of 
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descent  of  reptiles  and  mammals.  The  dipnoans,  or  some  of 
them,  do  stand  in  this  line  of  descent  and  the  e^'olution  of  the 
brain  must  be  traced  from  the  selachians,  through  the  dipnoans, 
reptiles  and  marsupials  to  the  mammals. 

The  main  purpose  of  the  present  paper  is  merely  to  define 
the  morphological  relations  of  the  chief  cell  masses  in  the  brain 
of  the  turtle  in  order  that  these  may  be  used  in  future  studies 
as  points  of  reference  in  comparing  ichthyopsid,  reptilian  and 
mammalian  brains.  This  is  done  in  the  belief  that  a  satisfactory 
accoimt  of  the  mammalian  and  human  brain  must  eventually 
include  an  account  of  the  origin  and  evolution  of  the  se^-eral 
structures  together  with  an  explanation  of  existing  structural 
relationships  and  the  course  of  their  evolution  on  the  basis  of 
environment,  habits  of  life  and  the  function  of  the  several  parts. 

The  olfactory  area 

Upon  comparing  the  secondary  olfactory  centers  of  the  hinge 
turtle  with  those  of  fishes,  the  only  very  noteworthy  fact  is  the 
appearance  in  the  turtle  of  a  nucleus  of  the  lateral  olfactory  tract 
behind  the  area  occupied  by  the  lateral  forebrain  bundle.  This 
is  a  distinctly  mammalian  character.  In  the  selachian  (John- 
ston '1 1  a)  the  lateral  forebrain  bundle  is  imbedded  in  the  somatic 
area  in  the  lateral  wall  of  the  slender  portion  of  the  forebrain 
known  to  many  authors  until  recently  as  the  'praethalamus,'  and 
the  lateral  olfactory  area  lies  wholly  in  front  of  this.  The  re- 
lations are  shown  in  figure  59,  in  which  are  roughly  indicated  the 
areas  from  which  alone  the  pyriform  lobe  and  the  nucleus  of  the 
lateral  olfactory  tract  may  have  been  developed.  In  the  turtle 
these  areas  have  moved  far  backward  on  the  lateral  surface  and 
the  mass  which  imbeds  the  lateral  forebrain  bundle  appears 
as  an  island  surrounded  by  olfactory  nuclei, — the  striatal  area 
surrounded  by  the  pyriform  lobe,  nucleus  of  the  lateral  olfactory 
tract,  the  diagonal  band,  the  parolfactory  nuclei  and  the  tuber- 
culum.  This  condition,  which  is  so  suggestive  of,  but  not  wholly 
similar  to,  the  mammaUan  condition,  has  come  about  by  a 
spreading  and  migration  caudad  of  the  lateral  olfactory  area, 
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chiefly  brought  about  by  the  great  expansion  of  the  dorsal  pal- 
hum.  The  expansion  of  the  pallium  was  accompanied  by  a  great 
thickening  of  the  lateral  bundle  and  of  the  cell  mass  in  which  it 
was  imbedded.  The  stretching  of  the  lateral  olfactory  area 
accompanying  the  expansion  of  the  pallium  was  followed  by  a 
collecting  together  of  the  olfactory  centers  into  a  ring  around 
the  striatal  area.  The  striatum  then,  thickening  and  bulging 
outward,  came  to  have  its  surface  freed  from  the  olfactory  layer. 
That  a  complete  ring  of  olfactory  centers  was  formed  aroimd  the 
striatal  area  was  due  to  the  connection  which  the  medial  ol- 
factory tract  retained  with  the  nucleus  of  the  lateral  olfactory 
tract  (fig.  56).  This  connection  of  the  lateral  olfactory  nucleus 
with  the  medial  tract  and  diagonal  band  has  produced  the 
characteristic  bending  of  a  part  of  the  lateral  olfactory  tract  to 
reach  its  nucleus  in  the  amygdaloid  region  (fig.  60). 

We  have  now  to  note  how  this  condition  in  the  turtle  differs 
from  that  in  the  mammal.  Although  the  gross  appearance  is 
much  the  same  there  is  one  essential  difference,  namely,  that  the 
striatal  area  has  received  a  covering  of  general  pallium,  convert- 
ing it  into  the  insula.  This  has  come  about  by  the  further 
expansion  of  the  pallium  which  has  pushed  the  pyriform  lobe 
down  over  the  striatal  area  so  that  in  mammals  it  runs  along  the 
ventral  border  of  the  insula.  Now  a  part  of  the  lateral  olfactory 
tract  sweeps  round  in  a  curve  to  reach  its  nucleus  in  the  tip  of 
the  temporal  pole  just  as  in  the  turtle.  There  is  this  difference, 
however,  that  the  concavity  of  that  sweepii^  curve  is  filled  not 
by  the  striatal  area  but  only  by  the  tuberculum  and  the  anterior 
perforate  apace. 

The  striatal  area  has  thus  been  the  scene  of  two  important 
migrations  of  brain  substance  in  the  history  of  vertebrates. 
Between  the  fishes  and  reptiles  the  olfactory  area  has  spread  over 
the  striatum  and  left  its  surface  free  again  in  the  turtle.  Be- 
tween the  turtle  and  mammals  the  general  pallium  has  spread 
down  over  the  striatum  and  left  it  covered  by  the  insular  cortex. 
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The  hippocampal  formation 

With  the  expansion  of  the  lateral  brain  vesicle  and  the  forma- 
tion of  a  caudal  pole  the  massive  hippocampal  primordium  in 
the  roof  of  the  selachian  forebrain  becomes  spread  out  into  a 
thin  medial  wall  of  the  expanding  vesicle.  At  the  same  time  a 
part  of  the  choroid  roof  of  the  median  ventricle  is  carried  out  in 
the  medial  wall  of  the  lateral  ventricle  and  forms  the  choroid 
plexus  extending  from  the  interventricular  foramen  to  the  tem- 
poral pole.  The  relations  of  the  hippocampus  to  the  secondary 
olfactory  centers  in  the  medial  wall  have  been  fully  discussed  in 
previous  papers  and  the  history  of  the  hippocampus  above  the 
reptiles  is  well  known  from  the  work  of  Elliot  Smith  and  others. 

The  general  pallium 

The  force  which  has  brought  about  the  changes  in  the  ol- 
factory centers  mentioned  above  is  the  expansion  of  the  general 
pallium.  This  is  derived  from  the  anterior  end  of  the  somatic 
sensory  column  (Johnston  '10  c  and  '11  a)  which  early  in  verte- 
brate evolution  extended  up  into  the  roof  of  the  forebrain  between 
the  lateral  olfactory  area  and  the  hippocampal  primordium. 
This  mass  of  cells  received  ascending  fibers  from  the  sensory 
centers  in  the  thalamus  and  rapidly  developed  into  an  impor- 
tant collection  of  sensory  and  correlating  centers  for  somatic 
relations.  These  centers  proved  of  incomparable  value  to  those 
vertebrates  in  which  they  were  the  more  highly  developed, 
through  enabling  them  to  extend  the  range  of  environment  to 
which  they  could  adapt  themselves. 

This  expanding  general  palUum  was  located  between  the 
olfactory  area  and  the  hippocampus  and  was  connected  with 
its  fellow  of  the  opposite  hemisphere  by  a  commissure  (corpus 
callosum)  running  through  the  substance  of  the  hippocampus 
and  in  close  relation  to  the  hippocampal  commissure.  Under 
these  conditions  the  expansion  of  the  general  pallium  brought 
about  great  changes  in  the  adjacent  structures,  as  already  noted. 
The  first  effect  was  an  expansion  distinctly  in  the  dorsal  or 
pallial  portion  of  such  a  lateral  forebrain  vesicle  as  exists  in  the 
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simpler  selachian  brains.  This  tended  to  produce  a  caudal 
pole  pushing  back  over  the  stem  or  'prethalamic'  portion.  To 
understand  the  formation  of  the  caudal  pole  it  is  essential  to  see 
that  the  expansion  began  in  this  dorsal  region  and  proceeded 
in  the  direction  eventually  assumed  by  the  choroid  fissure  and 
the  hippocampus.  From  such  a  beginning  the  stretching  of  the 
hippocampus  and  pjTiform  lobe  and  the  migration  of  the  olfac- 
tory area  over  the  striatum  all  are  readily  understood.  The 
further  expansion  of  the  pallium  and  the  differentiation  of  special 
centers  in  it  must  be  the  subject  of  future  work  for  which  the 
present  is  preparatory. 
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REFERENCE  LETTERS 


H.O.,  nervuR  olfactorius 
n.o.a.,  nucleus  olfactorius  anterior 
n,p.l.,  nucleue  parolfactorius  lateralis 
n.p.m.,  nucleus   parolfactorius  medi- 

n.rol.,  nucleus  rotundua 
n.»up,,  nucleus  supraopticus 
n.tr.tilfiat.,    nucleus    of    the    lateral 

olfactory  tract 
olf.proj.,  olfactory  projection  tract 
pa.,  pallium 

pa.th.,  pallial  thickening 
p.c.,  layer  ot   peripheral    cells  in  the 

pallium 
p.h.,  primordium  hippocampi 
p.o.  pedunculus  olfactorius 
praeopticus 
neuroporieus 
superior 
g.en.,  sulcus  endorhinalis 
a.f-d.,  sulcus  fimbrio-dentatuB 
S.I.,  sulcus  limitans  hippocampi 
s.m.,  stria  medullaris 
s.p.a.,  substantia  perforata  aDterior 
B.t.,  stria  terminalis 
sub.,  subiculum  comu  amtnoais 
s.v.d.,  dorsal  ventricular  sulcus 
t.v.m.,  middle  ventricular  sulcus 
a.v.v.,  ventral  ventricular  sulcus 
thai;  thalamus 
t.o.,  tuberculum  olfactorium 
t.p.,  temporal  pole 
(.,  tectum  mesencephali 
Ir.d.b.,  tract  of  the  diagonal  band 
tr.olf.lat.,  lateral  olfactory  tract 
tr.olf,,  tractus  olfactorius 
tr.olS.med.,  medial  olfactory  tract 
tr.op.,  tractus  opticus 
V.III.,  third  ventricle 
V.I.,  ventriculus  lateralis 

Fig.  I  Lateral  surface  of  forebrain.  Chief  features  described  in  text.  Tbe 
fibers  io  the  striatal  area  are  readily  seen  both  in  the  fresh  brain  and  in  brains 
prepared  in  bichromate.  These  fibers  are  equivalent  to  the  mammahan  internal 
capsule,  but  the  cortical  covering  of  the  insula  is  wanting.  The  pyritorm  lobe 
shows  some  cross  ridges  which  probably  correspond  to  bundles  of  internal  capsule 
fibers  and  thickenings  ot  the  lateral  border  of  the  pallium.  The  amygdaloid 
fissure  was  especially  well  developed  in  this  brain.  The  whole  brain  never  shows 
the  rostral  end  of  the  sulcus  endorhinalis  as  well  as  seclions  do. 
432 


a.p.,  area  parolfactoria 
a.p.a.,  area  perforata  anterior 
b.o.,  bulbuB  olfactorius 

a  anterior 
(ura  hippocampi 
c.t.,  capsula  interna 
ch.iip.,  chiasms  opticum 
c.poil.,  commissura  posterior 
c,p.a.,  commissura  paltii  anterior 
crux,  crus  cerebri  or  lateral  forebrain 

bundle 
c.sL,  corpus  striatum 
d.b;  diagonal  band  of  Broca 
der.po.,  decussatio  postoptica 
d.v.r.,  dorsal  ventricular  ridge 
J.am.,  fissura  amygdaloidea 
/oKcm.,  fasciculus  marginalia 
J. chirr.,   fissura   chorioidea 
/i'.,  fimbria 

f.pc...   fasciculus  praecommissuralis 
f.o.,  formatio  olfactoria 
/.p.,  fissura  prima 
foT.i.,  foramen  in t erven tricul are 
f.rh.,  fissura  rhinalia 
gl.,  olfactory  glomerulus 
g.p.,  general  pallium 
gr.,  granule  cells  and  layer 
g.s.,  gyrus  subcallosus 
A.,  hippocampus 
hy.,  hypothalamus 
I.e.,  islands  of  Calleja 
l.pyr.,  lobus  pyriformis 
I.I.,  lamina  terminalis 
m.fb.bdt.,  medial  forebrain  bundle 
mi.,  mitral  cells  and  layer 
n.c,  nucleus  caudatus 
n.d.b.,  nucleus  of  the  diagonal  band 
n.L,  nucleus  lentiformis 
n.med.a.,   large-celled   medial   nucleus 

of  the  amygdaloid  complex 
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Fig,  2  A  ventral  view  of  the  same  brain  as  in  figure  1.  The  diagonal  band 
and  the  fibers  imbedded  In  it  are  readily  visible  in  the  entire  brain,  although  the 
fiber-bundles  are  much  more  delicate  than  those  of  the  internal  capsule. 

Fig.  3  A  medial  view  of  another  specimen.  (From  Johnston  '13  b,  fig.  20.) 
The  fissura  prima  curves  forward  over  the  parolfactory  area.  The  fimbrio-den- 
tate  sulcus  runs  longitudinally  above  it.  The  body  between  is  the  primordium 
hippocampi.  Between  the  fissura  prima  and  the  lamina  terminalis  the  diagonal 
band  rises  apparently  to  join  the  hippocampal  primordium  directly.  The  broken 
line  indicates  the  boundary  of  the  primordium  as  determined  by  internal  struc- 
ture. The  portion  of  the  diagonal  band  seen  on  this  surface  of  the  brain  is  the 
homologue  of  the  gyrus  subcaltosus.  This  figure  shows  the  prominence  of  the 
rostral  end  of  the  pallium  due  to  the  pallial  thickening. 
433 
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Flk.  4  A  forelirain  from  which  the  entire  metlial  wall  of  the  pallium  has  been 
cut  away,  seen  from  The  medial  direction.  The  larRf^  dorHBJ  ventricular  ridge  is 
divided  into  a  chief  lobe  and  a  basal  lobe  by  a  shallow  groove.  The  bifurcation 
of  the  middle  ventricular  groove  is  not  well  shown.  One  branch  descends  into  the 
temporal  horn  of  the  ventricle;  the  other  runs  for  a  short  distance  in  the  bottom 
of  the  shallow  groove  on  the  dorsal  ridge.  Compare  figure  JO.  This  brain  shows 
an  unusual  prolongation  of  the  basal  part  of  the  dorsal  ridge  into  the  caudal  pole. 
The  part  of  the  striatum  seen  here  is  the  head  and  tail  of  the  caudate  nucleus- 
Figs.  5  to  10  These  are  photographs  of  a  model  of  the  right  half  of  the  fore- 
brain  made  by  the  method  of  plate  reconstruction.  The  method  of  building  up 
and  dissecting  the  model  is  explained  in  the  text.  Before  photographing,  the 
outer  surface  of  the  model  was  lightly  smoothed  and  then  painted  in  two  colors. 
All  the  olfactory  centers  including  the  hippocampus  were  painted  a  light  yellow- 
green.  The  somatic  structures,  striatum  and  general  pallium,  were  painted 
light  blue.  Id  the  photographs  all  the  olfactory  centers  have  a  dark  tone.  The 
ventricular  surfaces  and  the  cut  surfaces  have  received  no  treatment  whatever. 
The  hypothalmic  region  was  not  completed. 

Fig.  5  Lateral  surface  of  the  model.  The  dorsal  border  of  the  pyriform  lobe 
is  sharply  marked  through  its  whole  length.  The  caudal  border  is  only  arbitrarily 
fixe<l.  A  broken  line  marks  the  limit  between  the  large-celled  and  small-celled 
parts  of  the  pyriform  lobe.  The  olfactory  part  of  the  amygdaloid  eminence 
appears  depressed  owing  to  its  color  and  to  its  being  in  shadow.  Compare  figure 
8.  The  structures  surrounding  the  striatal  area  constitute  a  continuous  ring  of 
small -eel  led  olfactory  nuclei. 

Fig.  6  Medial  view  of  the  model.  Thelipof  the  choroid  fissure  and  the  lamina 
terminalis  are  painted  white.  The  model  is  cut  between  the  hippocampal  com- 
missure and  the  anterior  commissure,  so  that  the  commissure  maybe  removed 
with  the  whole  hippocampal  formation.  A  broken  line  indicates  roughly  the 
boundary  between  the  hippocampus  proper  and  the  subiculum.  Probably  too 
large  an  area  is  included  in  the  subiculum  at  the  anterior  end.  The  somatic 
pallium  should  have  been  carried  farther  forward  here  in  constructing  the  model. 
Note  the  oblique  position  of  the  peduncular  constriction.  Note  also  the  fisaura 
prima,  the  fimbrlo-denlate  sulcus  and  the  moulding  of  the  caudal  pole  around  the 
thalamus  and  midbrain. 
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Fig.  7  Dorsal  view  of  the  model.  This  requires  no  comment  except  to  point 
out  that  the  genera!  pallium  should  liave  been  continued  somewhat  farther  for- 
ward at  the  expense  of  the  subiculum  co 
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Fig.  8  Ventral  view  of  the  model.  This  view  shows  well  how  the  striatal 
area  is  completely  aurrounded  by  olfactory  centers.  It  also  shows  that  the 
general  pallium  extends  into  the  amygdaloid  prominence  of  the  temporal  pole  so 
as  to  intervene  between  the  hippocampus  and  the  secondary  olfactory  nuclei. 
The  temporal  pole  of  the  hippocampal  formation  has  no  direct  relation  with  the 
secondary  olfactory  nuclei  on  the  basal  aspect  of  the  brain. 
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Fig.  9  Lateral  view  of  the  model  with  the  pyrifortn  iobe  removed.  At  both 
its  rostral  and  caudal  ends  the  pyriform  lobe  forms  the  whole  thickness  of  the  wall 
over  small  areas,  ao  that  the  ventricle  ia  opened  in  this  photograph.  Through 
the  greater  part  of  its  length  the  pyriform  lobe  overlies  the  thickened  lateral 
border  of  the  pallium  and  the  dorsal  ventricular  ridge,  A  brokea  line  marks 
the  boundary  between  the  pallium  and  this  ridge.  Along  this  line  a.  cell-free  zone 
separates  the  pallium  from  the  ridge  but  the  two  can  not  be  dissected  apart 
owing  to  the  continuity  of  their  cell  masses  in  the  region  of  the  amygdaloid  fissure. 
The  thickening  of  the  lateral  i>order  of  the  pallium  which  cauaea  the  bulging  out 
of  the  pyriform  lobe  near  its  rostral  end  is  clearly  .leen  in  this  photograph. 
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Figs.  11  to  30  Transverse  sections  of  the  right  hemisphere  drawn  from  sec- 
tioDS  stained  to  demonstrate  the  size  and  grouping  of  the  eeli  bodies.  The  con- 
trasU  and  lines  of  separation  are  not  exaggerated.  .\f  agnificat  ion,  17.5  diameters. 
The  position  of  each  of  these  sections  is  indicated  in  figore  58. 

Fig.  11  i^cclion  through  the  base  of  the  dorsal  ridge.  The  dense  layer  in  the 
medial  wall  of  the  pallium  is  in  part  hippocampus.  The  rest  of  (he  section  be- 
longs to  general  pallium,  with  which  the  ridge  is  in  connection. 

Fig.  12  Section  a  »hort  distance  behind  the  choroid  fissure.  The  dense 
pallium  in  the  medial  wall  is  hippocampal.  The  dorsal  ridge  appears  as  an 
infolding  ot  the  general  pallium.  The  pyriform  lobe  presents  a  confused  arrange- 
ment oF  its  cells. 

Fig.  13  Section  at  the  caudal  border  of  the  choroid  fissure  and  the  base  of 
the  amygdaloid  fis.sure.  Hippocampal  formation  appears  both  above  and  below 
the  choroid  fissure.  The  large-celled  nucleus  appears  on  the  ventricular  surface 
of  the  basal  lobe  of  the  great  ventricular  ridge.  The  nucleus  ol  the  lateral  olfac- 
tory tract  appears  near  the  base  of  the  amygdaloid  fissure.  Between  them  the 
general  pallium  is  continuous  with-  the  central  core  of  the  ventricular  ridge. 
Note  the  small  ridge  below,  which  contains  the  siria  terminalis  bundle.  From 
this  level  forward  the  subiculum  corau  ammoais  is  a  conspicuous  feature. 

Fig.  14  Section  through  the  extreme  rostral  end  of  the  temporal  bom  of  the 
ventricle.  Hippocampal  formation  has  disappeared  below-  the  choroid  fissure. 
The  large-celled  nucleus  surrounds  this  part  of  the  ventricle.  The  nucleus  of 
the  lateral  olfactory  tract  has  grown  larger  and  the  cuudate  nucleus  appears  and 
ia  fused  with  it.    The  nucleus  lentiformis  begins  to  take  shape. 
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Pig.  15  Section  at  the  base  of  the  amygdaloid  fissure.  The  general  pallium 
still  makes  connection  with  the  ventricular  ridge  ftnd  intervenes  between  th« 
pyrifonn  lobe  and  the  nucleus  of  the  lateral  olfactory  tract.  This  last  is  now 
larger  and  merges  broadly  with  the  caudate.  The  lentiform  nucleus  shows  some 
dense  collections  of  cells. 

Fig.  16  Section  throui^h  the  stria  medullaris.  This  is  about  the  largest  and 
densest  part  of  the  small-celled  areaof  the  amygdaloid  complex,  consisting  of  tbe 
caudate  and  nucleus  of  the  lateral  olfactory  tract.  The  great  enlargement  of 
this  body  produces  the  'epistriatum'  in  lizards.  The  olfactory  projection  tract 
and  part  of  the  stria  tenninalis  are  related  to  this  (compare  fig,  49)  while  the 
stria  medullaris  enters  the  ueuropile  surrounding  the  rostral  end  of  the  medial 
nucleus.  Note  the  rapid  thickening  of  the  lateral  border  of  the  dorsal  pallium  in 
figures  15  and  16.  An  angle  of  the  general  pallium  connected  with  the  ventricular 
ridge  still  intervenes  between  the  pyriform  lobe  and  the  nucleus  of  tbe  lateral 
olfactory  tract. 

Fig.  17  Section  through  the  extreme  tip  of  the  temporal  pole  or  amygdaloid 
prominence  and  through  the  caudal  part  of  the  junction  of  thalamus  and  stria- 
tum. The  nucleus  lentiformis  is  larger  and  the  nucleus  of  the  lateral  olfactory 
tract  appears  divided.  The  upper  portion  will  in  the  next  figure  join  the  pyri- 
fonn lobe.  The  core-nucleus  of  the  ventricular  ridge  is  now  well  defined.  Note 
the  olfactory  projection  tract  curving  over  the  cnis. 

Fig.  18  Section  through  the  commissures  just  rostral  to  the  inter- ventricular 
foramen.  The  crus  bends  laterad  into  the  lentiform  nucleus.  It  separates  the 
caudate  from  the  nucleus  of  the  diagonal  band  which  is  a  continuation  of  the 
nucleus  of  the  lateral  olfactory  tract.  Note  the  continuity  of  the  caudate  with 
the  nucleus  anterior  region  of  the  thalamus  in  figures  IT  and  18.  Note  also  the 
rapid  enlargement  of  the  primordium  hippocampi  in  these  figures  as  it  approaches 
the  level  of  the  commissure.  For  the  disposition  of  the  commissures  compare 
figures  32,  48  and  62. 
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Fig.  19  Section  in  front  of  the  commissures  and  behind  the  optic  chiuina. 
The  leatiform  nucleus  is  large;  the  crus  occupies  the  clear  apace  below  it  and 
sends  faecicles  up  through  it  (internal  capsule).  The  nucleus  of  the  diagonal 
band  forms  a  thin  cell  layer  between  the  fiber  layer  of  that  band  and  the  medial 
forebrain  bundle.  The  caudate  is  small.  The  upper  end  at  the  nucleus  of  the 
diagonal  band  appears  here  in  the  gyrus  subcallosus  adjacent  to  the  hippocampal 
primordium  and  the  recessus  superior.  Note  the  distinct  large-  and  small-celled 
portioiis  of  the  pyriform  lobe.  Also  the  general  increase  in  thickness  and  more 
open  formation  of  the  cell  layer  of  the  dorsal  pallium. 

Fig.  20  Section  through  the  optic  chiasma.  The  ventricular  ridge  grows 
smaller  and  the  definite  pallial  thickening  begins.  The  hippocampus  proper 
grows  narrow.  The  hippocampal  primordium  is  only  apparently  fused  with  the 
parolfactory  nuclei,  as  explained  in  the  previous  paper.  The  diagonal  band 
and  its  nucleus  move  to  the  angle  between  the  basal  and  medial  walb.  The  sul- 
cus endorhinalis  separates  the  small-celled  from  the  large-celled  part  of  the 
pyriform  lobe.  The  lentiform  nucleus  is  quite  superficial  in  this  and  several 
following  figures.  The  clear  tones  above  and  below  the  core-nucleus  of  the  ven- 
tricular ridge  and  between  that  and  the  pyriform  lobe  are  the  spaces  through 
which  internal  capsule  fibers  run  to 'the  ridge  and  the  general  pallium. 

Fig.  21  Section  at  the  level  of  the  gyrus  subcallosus.  The  changes  noted  in 
the  last  section  have  been  carried  farther.  The  lentiform  nucleus  shows  rows  of 
cells  due  to  the  arrangement  of  bundles  of  internal  capsule.  In  this  and  figure  22 
{he  diagonal  band  nucleus  merges  with  the  superficial  layer  of  the  anterior  per- 
forate space  and  tuberculum  olfactorium. 

Fig.  22  Section  through  the  anterior  end  of  the  dorsal  ventricular  ridge. 
The  core-nucleus  is  here  divided  into  two  areas  by  pressure  from  the  pallial 
thickening.  This  thickening  is  the  most  conspicuous  feature  of  the  section. 
Note  the  development  of  a  layer  of  peripheral  cells  in  figures  20, 21  and  22.  Com- 
pare figure  40,    The  caudate  begins  to  enlarge  and  the  lentiform  to  decrease. 
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Fig.  23  Section  through  the  pallial  thickening  in  front  of  the  ventricular 
ridge.  In  this  and  the  next  three  figures  the  pyrifonn  lobe  is  bulged  out  by  the 
pallial  thickening.  Although  the  lentiform  nucleus  still  meets  the  ventricle, 
the  caudate  is  greatly  enlarged.  From  here  forward  the  hippocampue  is  scarcely 
if  at  all  recognisable.  The  aubiculum  continues  between  the  general  pallium  and 
the  hippocampal  primordium.  The  dividing  line  between  primordium  hippo- 
campi and  parolfactory  area  is  again  clear.  In  this  section  the  ventral  ventric- 
ular groove  reaches  its  greatest  depth  and  width.  Forward  from  this  the 
thickening  of  caudate,  parolfactory  nucleus  and  tuberculum  nearly  obliterate  it. 

Fig.  24  Section  through  the  middle  of  the  palHal  thickening.  Islands  of 
Callega  begin  to  appear  in  the  medial  wall.  The  lentiform  nucleus  is  pushed 
toward  the  surface  by  the  caudate.  For  a  detail  of  the  pyriform  lobe  and  part 
of  the  pallial  thickening  compare  figure  40. 

Fig.  25  Section  through  the  caudal  part  of  the  tuberculum  olfactorium  and 
the  head  of  the  caudate.  Note  the  high  dorsal  prominence  caused  by  the  pallial 
thickening.  This  scarcely  shows  satisfactorily  ia  the  figures  of  the  whole  brain 
or  model.  A  part  of  the  apparent  thickness  of  the  cell  layer  is  due  to  the  section 
being  slightly  oblique  to  the  curvature  of  the  dorsal  pallium  but  the  appearance 
of  a  distinct  peripheral  layer  of  cells  is  not  due  to  this.  Islands  of  Calleja  are 
grouped  in  the  medio-basal  angle.  Dark  masses  farther  laterad  are  merely 
clumps  of  large  cells  in  the  lentiform  nucleus. 
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Fig.  26  Section  a  short  distance  in  front  of  the  last.  It  shows  tb«  roatral 
«nd  of  the  lentifonu  nucleus  and  the  spreading  of  the  small-celled  part  of  the 
pyriform  lobe  over  the  striatum  as  the  supetficial  l&yer  of  the  tuberculum. 
The  whole  width  of  pallium  in  figs.  26,  26  has  the  characters  of  the  thickening. 

Fig.  27  Section  through  the  rostral  part  of  the  tuberculum.  The  section 
passes  just  behind  the  peduncular  conatriction  dorsally.  Olfactory  formation 
begins  to  appear  225  microns  farther  forward.  The  head  of  the  caudate  together 
with  the  deep  or  lateral  parolfactory  nucleus  form  one  rounded  mass  covered 
externally  by  tuberculum.  This  is  the  nucleus  olfactoriua  anterior  of  authors. 
Islands  of  Calleja  are  in  the  deep  layer  of  the  tuberculum.  The  tuberculum  is 
continuous  with  the  medial  parolfactory  nucleus  and  with  the  pyriform  lobe. 
The  pyriform  lobe  spreads  medially  in  dorsal  wall.  General  pallium  is  still  pres- 
ent toward  medial  border  and  in  some  clusters  of  cells  beneath  pyriform  lobe. 

Fig.  28  Section  through  the  olfactory  peduncle.  Both  sides  are  shown,  the 
left  side  being  sectioned  near  the  rostral  end  of  the  oblique  peduncle,  the  right 
side  near  the  caudal  end  of  the  peduncle.  On  the  right  aide  fully  developed 
olfactory  formation  appears  in  the  roof;  in  the  lateral  wall  the  pyriform  lobe; 
below,  the  end  of  the  nucleus  olfactorius  anterior  and  the  tuberculum. 

Fig.  29  Section  through  the  caudal  part  of  the  olfactory  bulb.  Note  the 
elliptical  form  of  section  on  the  right,  the  greater  number  of  cells  where  olfactory 
glomeruli  are  present  and  the  distribution  of  mitral  cells  with  reference  to  the 
glomeruli,    a,  b,  regions  of  this  section  which  are  drawn  in  figure  31. 

Fig.  30  Section  through  the  anterior  part  of  the  right  bulb.  Note  the  tri- 
angular form  of  section  and  the  fact  that  the  dorsal  root  of  the  olfactory  nerve  is 
just  entering  the  bulb.  The  bulb  is  nearly  surrounded  by  glomeruli  and  the 
mitralcelllayeriscontinuousexcept  for  a  short  space  on  the  lateral  surface  where 
glomeruli  are  absent. 
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Fig.  31  Two  portions  from  the  section  drawn  in  figure  29  to  Bhow  the  modifi- 
cation of  thestructureof  theolFactory  ronnatioD  due  to  the  presence  of  glomeruli. 
The  part  of  the  section  drawn  in  a  and  b  respectively  is  indicated  by  the  same 
letter  in  figure  29.  Where  glomeruli  are  present  the  granule  cell  layer  is  con- 
siderably thicker  and  more  dense  and  the  layer  of  large'  mitral  cells  is  added. 
MagnificatioD  110  diameters. 

Fig.  32  Tran.sverae  section  at  the  level  of  the  commissures.  From  Johnston 
'13b,  fig.  17.  The  right  side  of  the  drawing  was  taken  from  a  section  adjacent 
to  that  from  which  figure  18  of  the  present  paper  wits  drawn.  The  left  side  was 
drawn  from  a  Weigert  series.  The  crus  shows  the  two  chief  bundles  described  in 
the  text.  To  what  extent  the  fascicles  of  the  two  bundles  intermingle  as  they  are 
distributed  to  the  pallium  and  the  ventricular  lobe  it  is  impossible  to  say  from 
sections  of  normal  brains.  The  relation  of  the  anterior  commissure  to  the  inter- 
nal capsule  is  better  shown  in  figure  48.  Medial  to  the  crus  appear  two  other 
bundles.  The  darker  one  is  the  medial  forebrain  bundle,  the  lighter  is  the  olfac- 
tory projection  tract. 

Fig.  33  A  section  similar  to  the  last,  taken  at  the  level  of  the  stria  medullaris.  - 
Prom  Johnston  '13b,  fig.  18.  The  two  bundles  of  the  crus  are  separated  by  a 
notch'medially.  The  medial  forebrain  bundle  is  ventral  to  the  olfactory  projec- 
tion tract  and  in  contact  with  the  postoptic  decussation.  The  lower  part  of  the 
fiber  area  beneath  the  letters  c.i,,  belongs  to  the  olfactory  projection  tract. 
The  stria  medullaris  is  more  superficial. 
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Fig.  34  A  section  similar  to  the  last,  takeD  near  the  roetral  end  of  the  ventric- 
ular ridge.  The  internal  capsule  fibers  are  related  largely  to  the  pallial  thicken- 
ing (fi.l.).  The  medial  part  of  the  fiber  bundles  below  belongs  to  the  medial  fore- 
brain  bundle.    Its  fibere  are  related  only  to  the  caudate  and  olfactory  nuclei. 

Fig.  S5  Vesicular  structures  in  the  caudate  nucleus,  a,  outline  of  a  trans- 
verse section  to  indicate  the  position  in  which  such  vesicles  are  found.  This  is 
nearly  at  the  same  level  as  figure  25..  Vesicles  are  found  both  rostral  and  caudal 
to  this  level.  6,  an  oblique  section  of  a  vesicle  the  lumen  of  which  contains  a 
flattened  nucleus  of  unknown  character.  Two  blood  corpuscles  are  seen.  Vesi- 
cles often  have  capillaries  closely  connected  with  them,  c,  a  transverse  section 
of  a  vesicle  with  very  sharply  defined  lumen.  Note  the  granular  contents  of  the 
inner  ends  of  the  cells.  There  are  also  faintly  stained  granules  in  the  lumen. 
The  isolated  nuclei  in  b  and  c  are  nuclei  of  nerve  cells  lying  near  the  vesicles. 
Magnification  in  b  and  c,  625  diameters. 

Fig.  36  Section  of  the  thickened  epeadyma  surrounding  the  middle  ventric- 
ular groove  including  a  part  of  the  lentiform  nucleus.  The  nerve  cells  are 
drawn  in  outlines,  the  nuclei  of  the  ependyma  cells  in  black.  The  lines  represent 
the  peripheral  processes  of  the  ependyma  cells.  From  the  same  section  as  figure 
16.    Magnification  112  diameters. 
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Fig.  37  Same  region  as  figure  36  but  od  the  left  side  of  the  brain.  A  drawing 
from  a  Golgi  section  to  show  the  ependyma  cella  in  the  dorsal  lip  of  the  middle 
ventricular  groove,  and  their  curved  processes. 

Fig.  38  Transverse  section  through  the  tuberculum  olfactorium  to  show  the 
grouping  of  cells  in  the  islands  of  Calleja.  From  a  section  adjacent  to  that  Ehonu 
in  figure  24.  Magnification  110  diameters.  The  medio-basal  angle  of  the  left 
Bide  and  a  small  part  of  that  of  the  right  aide  are  included,  a,  b,  c,  d,  typical 
islands,  e,  an  island  in  which  larger  and  small  cells  are  mingled.  In  some  islands 
similar  to  this  the  small  cells  definitely  show  the  vesicular  arrangement  with 
lumina.  /,  a  vesicle  similar  to  those  shown  in  figure  35.  Only  the  nuclei  are 
drawn. 
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Fig.  39  Transverae  section  through  the  upper  end  of  the  gyrus  subcallosus, 
ahowing  the  dense  nucleua  of  the  diagonal  band  cloee  to  the  recessus  superior. 
From  the  same  section  as  figure  19.  The  position  of  the  hippocampal  commissure 
shows  that  this  nucleus  pushes  up  near  the  medial  surface  above  the  level  of  the 
commissure.  This  is  shown  in  the  model,  but  the  ventral  border  of  the  hippo- 
campal primordium  in  front  of  the  commiasure  curves  doreally  still  more  than  is 
shown  in  the  model  (fig.  6).  Note  how  much  smaller  these  cells  are  than  those 
of  the  adjacent  hippocampal  primordium.  Indeed  these  are  among  the  smallest 
cells  in  the  forebrain.    Magnification  110  diameters. 


Digitized  by  Google 


J.  B.  JOHNSTON 


^p:i 


-■yj>..  .'-•• 


..;,•■••'••.•,,•    .>!.?'• 
■  '.-Vv.    •'<■"■'  •.'♦."■ 

•i  *  •-  * 


Fig.  40  Transverse  section  tlirough  tlie  pyriform  lobe  and  the  pallial  thiclcen- 
ing  to  show  the  form  and  grouping  of  the  cetls.  From  the  same  section  as  figure 
24.  Magnification  70  diameters.  In  the  upper  part  of  the  figure  enough  of  the 
pallium  is  drawn  to  show  the  importance  of  the  peripheral  layer  of  cells.  The 
deeper  cells  are  smaller  and  so  closely  crowded  that  their  processes  seldom  show 
at  this  magnification.  The  thick  dendrites  of  the  larger  cells  in  the  pyriform 
lobe,  however,  arc  clearly  seen.  It  is  evident  that  the  large  cell  clusters  belong 
to  the  palUum  and  not  to  the  pyriform  lobe. 
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Fig.  41  Transverse  section  of  the  caudal  part  of  the  pyriform  lobe.  From 
the  BEtme  section  as  figure  13.  Magnification  70  diameters.  In  the  upper  part 
of  the  figure  ia  seen  the  sharp  dividing  line  between  pyriform  lobe  and  general 
pallium.     No  well'inarked  line  of  division  ia  seen  below. 

Figs.  42  to  45  Four  transverse  sections  through  the  region  of  the  medial 
nucleus  of  the  amygdaloid  complex.  From  the  same  sections  aa  16,  15,  14,  13 
respectively.    Magnification  70  diameters. 
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Fig,  42  In  this  is  eecn  the  common  mass  of  small  cells  formed  by  the  caudate 
and  the  nucleus  of  the  lateral  olfactory  tract.  Below'it  is  &  fflflss  of  neuropile 
in  which  appear  a  considerable  number  of  larger  cells  belonging  to  the  medial 
nucleus.  The  stria  medullaris  enters  into  this  neuropile  while  the  olfactory 
projection  tract  and  atria  tcrminalis  in  part  are  related  to  the  small-ceiled  nucleus 
(compare  fig.  49). 

Fig.  43  Only  a  little  of  the  small-celled  mass  is  shown.  The  medial  nucleus 
is  larger  and  more  dense  and  has  shifted  toward  the  medial  wall. 

Fig.  44  The  medial  nucleus  is  still  larger  and  surrounds  the  temporal  horn 
of  the  ventricle,  the  rostral  end  of  which  is  cut  by  the  section.  Immediately 
caudal  to  this  the  medial  wall  of  the  ventricle  is  occupied  by  bippocnmpnl 
formation, 
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Fig.  45  In  this  section  the  medial  nucleus  occupiea  the  ventricular  surface 
of  the  basal  lobe  of  the  great  ventricular  ridge.  Ventrally  this  mass  ot  cells 
merges  with  the  general  pallium.  The  dense  lamina  in  the  medial  4all  be- 
longs wholly  or  in  part  to  the  hippocampal  formation.  The  small  ridge  in  the 
lower  angle  of  the  ventricle  lodges  part  of  the  atria  tcrminalis  bundle  which 
spreads  over  the  ventricular  surface  of  the  medial  nucleus. 
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Fig,  46  Transverse  section  through  the  base  of  the  ventricular  ridge  near  its 
caudal  end.  From  the  same  section  as  figure  II.  Magnification  70 diameters. 
The  relatione  are  described  in  the  text.  The  figure  shows  typical  pallial  walls 
laterally  and  ventrally  which  appear  to  be  involutedtotorm  the  ventricular  ridge. 
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Fig,  47  A  drawing  of  the  subiculum  region  from  the  same  section  as  figure  17. 
Magnification  70  diameters.  The  figure  shows  very  inadequately  the  relatively 
dense  layer  of  the  hippocampus  below,  the  more  open  arrangement  of  the  cells 
in  the  subiculum  and  the  abrupt  medial  border  of  the  general  pallium  above. 
This  border  is  marked  by  the  arrow. 

Fig,  48  Horizontal  section  from  a  Weigert  series  to  show  the  anterior  com- 
missure and  stria  terminalis.  The  section  is  taken  just  at  the  level  of  the  most 
dorsal  part  of  the  stria  terminalis  where  it  curves  over  the  internal  capsule. 
At  this  point  the  anterior  commissure  meets  the  stria  (compare  fig.  32)  and 
continues  with  it  into  the  small-celled  nucleus  of  the  amygdaloid  complex. 

Fig.  49  Horizontal  section  somewhat  ventral  to  the  level  of  that  drawn  in 
figure  48.  This  is  from  another  series.  The  section  passes  through  the  lower 
or  ventral  part  of  the  stria  terminalis  where  it  lies  close  upon  and  a  little  inter- 
mingled with  the  internal  capsule.  The  section  is  drawn  to  show  that  the  stria 
terminalis  and  the  olfactory  projection  tract  are  divisions  of  a  common  broad 
bundle  arising  from  the  small-celled  part  of  the  amygdaloid  complex.  The 
bundle  which  enters  the  stria  terminalis  from  the  basal  lobe  of  the  ventricular 
ridge  is  drawn  although  it  is  almost  wholly  non-medu Hated.  It  can  not  be  traced 
farther  forward  in  these  sections.  .--.  > 

461  DigmzedDyCjOOglC 


Fig.  50  Horizontat  section  through  the  temporal  pole  and  thalamus.  Same 
series  as  figure  49.  This  section  shows  the  fiber  bundle  of  the  diagonal  band 
where  it  crosses  the  baaal  surface  of  the  crus  and  medial  forebrain  bundle. 

Fig.  51  Parasagittal  section  close  to  the  right  lateral  surface.  Weigert  atain. 
The  cell  masses  of  the  pyriform  lobe  and  pallial  thickening  are  outlined  in  broken 
lines ;  also  the  line  of  division  between  the  striatum  and  the  amygdaloid  complex. 
The  figure  shows  especially  the  fibers  of  the  internal  capsule  entering  the  pallial 
thickening. 

Fig.  52  Section  from  the  same  series  as  the  last.  Near  the  median  plane. 
The  section  ahows  the  hippocampal  commissure  rising  in  the  hippo campal  pti- 
mordium  to  join  the  fimbria  system.  There  are  shown  also  the  relations  of  the 
sensory  bundle  of  the  crus,  the  olfactory  projection  tract  and  the  medial  forebrain 
bundle. 
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Fig.  53  A  section  from  the  aarae  series  as  the  last.  It  is  taken  from  the  left 
side  of  the  brain.  Owing  to  the  oblique  plane  of  the  sections  this  is  near  the 
median  plane  at  the  level  of  the  third  nerve,  but  farther  from  the  middle  in  the 
forebrain  than  in  figure  52. 
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Pig.  54  A  scptiim  from  the  same  series,  farther  Idterad  than  the  lasl.  This 
section  shows  a  part  of  the  sensory  and  the  motor  bundle  of  the  crua,  the  ol- 
factory projection  tract  and  the  median  forebrain  bundle.  It  is  especially  inter- 
esting to  npte  from  these  sections  that  both  the  olfactory  projection  tract  and  the 
median  forebrain  bundle  run  almost  wholly  to  the  tegmental  region  or  farther 
caudad,  whereas  it  has  been  supposed  that  they  both  end  for  the  most  part  in  the 
hypothalamus. 

Fig,  55  A  diagram  of  the  lateral  olfactorj'  tract  together  with  a  part  of  the 
medial  olfactory  tract  and  of  the  bundle  of  the  diagonal  band.  Outline  taken 
from  figure  5.  The  figure  shows  the  bundle  which  bends  down  behind  the  striatal 
area  to  end  in  the  nucleus  of  the  lateral  olfactory  tract  in  the  amygdaloid  emi- 
nence. At  a  is  seen  the  bundle  which  comes  from  the  medial  wail  of  the  olfactory 
bulb,  crosses  over  the  dorsal  surface  in  the  peduncular  groove  and  joins  the 
lateral  tract.  The  whole  course  of  the  diagonal  band  can  not  be  seen  in  this 
lateral  view. 

Fig.  56  A  diagram  of  the  olfactory  tract  in  ventral  view.  Outline  taken' 
from  figures.  The  medial  and  lateral  bundles  of  the  olfactory  tract  are  separated 
by  the  striatal  area  containing  the  fibers  of  the  crus.  A  bundle  of  the  lateral 
tract  curves  around  lateral  and  caudal  to  this  area  to  reach  the  nucleus  of  the 
lateral  olfactory  tract,  while  a  bundle  of  the  medial  tract  passes  along  the  ventral 
border  of  the  striatal  area  to  reach  the  same  nucleus.  From  this  nucleus,  then, 
fibers  enter  the  stria  medullaris  and  the  bundle  of  the  diagonal  band.  The 
latter  go  to  the  hippocampus  by  way  of  the  precommissural  fornix  system. 
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Fig.  57  A  diagram  ot  tracts  in  the  medial  wall.  OutliDe  from  figure  6.  This 
shows  especially  how  the  fimbria  system  is  made  up  of  aeveral  components:  ol- 
factory tract  fibers,  precommissural  fibers  from  the  diagonal  band,  hippocampal 
commissure,  and  fomix  (not  drawn). 

Fig.  58  Sketch  of  the  right  hemisphere  after  figure  10  with  lines  to  show  the 
position  of  the  sections  drawn  in  figures  11  to  30. 
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SI.  On  the implanlation  and  placenlalmn  in  the  Sciuroid  rodents  {lantern). 

Thomas  G.  Lee,  Institute  of  Anatomy,  University  of  Minnesota. 

In  1902  and  1903  the  writer  published  descriptions  of  the  impfan- 
tation  of  the  ovum  in  Spermophilus.  In  this  work  attention  was  called 
to  a  method  of  implantation  and  a  series  of  structural  changes  pre- 
ceding the  formation  of  the  true  placenta  which  were  unlike  those  of 
any  other  previously  described  mammal,  and  at  the  same  time  were  the 
first  account  of  the  implantation  in  any  of  the  Sciuroidae,  These 
observations  were  confirmed  on  the  European  Spermophilus  by  Rejsek. 
In  1905  Milller  found  similar  conditions  in  the  European  red  squirrel, 
Sciurus.  In  1910  the  writer  described  the  enrjy  stages  of  Cynomys  at 
the  International  Anatomical  Congress  in  Brussels.  Since  1902  the 
writer  has  been  engaged  in  collecting  early  stages  of  various  genera  of 
American  Sciuroid  rodents  to  determine  if  the  peculiar  conditions  found 
in  Spermophilus  (or  'Citellus'  as  the  taxonomists  have  since  decided 
upon  as  the  proper  generic  name)  were  characteristic  of  this  large  group 
of  rodents.  The  collection  of  very  early  stages  of  wild  rodents  which 
breed  for  the  most  part  but  once  a  year,  and  whose  genera  are  widely 
separated  over  the  United  States,  is  an  extremely  tedious  and  very 
expensive  undertaking,  but  sufficient  material  has  been  secured  to  date 
of  the  following  genera  of  the  Sciuroidae  to  determine  that  the  general 
method  of  implantation  and  placentation  as  previously  described  for 
Citellus  (Spermophilus)  hold  true  for  the  larger  division.  The  genera 
studied  include  Citellus,  3  species,  Ammospermophilus,  Tamias,  Cyn- 
omys, and  Sciurus.  The  writer  is  preparing  a  more  complete  description 
and  illustration  of  the  early  developmental  conditions  characteristic 
of  these  Sciruoidae  than  was  possible  before  with  the  quite  limited 
material.  The  greater  variety  of  material  now  available  enables  one 
to  point  out  the  interesting  slight  divergences  among  the  several  genera. 
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S3.  On  the  relationship  of  the  endocardium  io  entoderm  in  Citellus.    Thouas 

G.  Leb,  Institute  of  Anatomy,  University  of  Minnesota. 

In  studying  the  early  development  of  the  sciuroid  rodent  Citellua 
the  writer  noted  the  following  described  conditions  which  may  be  of 
interest  to  investigators  workmg  on  that  yet  unsolved  problem  of  the 
origin  of  the  vascular  system. 

With  the  folding  over  and  fusion  of  the  entodermal  walla  of  the  fore- 
gut  to  form  the  pharynx  region,  there  is  to  be  noted  a  dorso-lateral 
angle  on  either  aide  formed  by  the  dorsal  wall  on  either  side  of  the  chorda 
and  the  lateral  wall  of  the  pharynx  and  a  somewhat  less  prominent 
ventro-lateral  angle  or  groove,  which  will  be  designated  in  this  paper 
as  the  cardiac  sulcus. 

Each  cardiac  sulcus  is  a  groove  or  furrow  in  the  free  surface  of  the  ento- 
derm which  follows  the  course  of  the  lateral  hearts.  It  begina  in  the 
lateral  wall  of  the  mid  gut  region  and  extends  forwards  to  enter  the  closed 
pharynx  region  at  the  ventro-lateral  angle  and  then  continues  along 
the  ventral  wall  of  the  phamyx  converging  to  unite  with  the  opposite 
sulcus  in  the  mid  ventral  line  just  above  the  point  of  fusion  of  the  lateral 
hearts. 

The  entoderm  in  the  line  of  the  cardiac  sulcus  is  considerably  thicker 
than  that  on  either  side.  This  thickening,  however,  is  not  uniform; 
it  is  more  pronounced  in  certain  areas  than  othera.  There  is  thus 
produced  a  corresponding  elevation  or  ridge  of  the  entoderm  in  the 
direction  of  the  lateral  heart.  This  thickened  entoderm  constitutes 
the  walls  of  the  sulcus.  The  groove,  while  easily  recognizable  through- 
out its  course,  varies  in  its  shape;  in  places  it  is  narrow  and  deep,  in 
other  places  it  becomes  widened  out  and  quite  shallow.  In  embryos 
of  this  stage  of  development,  the  fold  of  splanchnic  mesoderm  which 
will  form  the  myocardium  does  not  completely  envelope  the  endothe- 
lial tube  of  the  lateral  heart,  the  interval  being  completed  by  the  ent-o- 
derm  of  the  foregut.  It  is  this  portion  of  the  entoderm  that  forms  the 
cardiac  sulcus.  The  above  described  sulcus  is  not  peculiar  to  Cit<llus 
but  is  figured  by  many  investigators,  as  Kolliker  in  the  rabbit,  Fleisch- 
man  in  the  cat,  Bonnet  in  the  dog.  It  is  a  transitory  structure  but  is 
probably  to  be  found  in  all  mammals  at  the  proper  stage  of  development. 
While  this  region  has  been  figured,  almost  no  reference  has  been  made 
to  it  as  far  as  I  am  at  present  familiar  with  the  literature. 

In  a  number  of  series  of  Citellus  I  have  found  interesting  examples 
of  an  intimate  relationship  between  the  entoderm  of  the  cardiac  sulcus 
and  the  endocardium  of  the  lateral  heart  as  shown  by  the  reconstructions 
and  drawings  that  illustrate  this  paper. 

In  the  Citellus  embryo  here  modelled,  the  primary  implantation 
attachment  (previously  described  by  the  writer)  is  just  separating  while  ' 
the  trophoblastic  attachment  for  the  allantoic  placenta  is  beginning 
at  the  mesomctrial  portion  of  the  uterine  cavity;  the  amnion  is  not  yet 
quite  complete;  the  foregut  is  closed,  the  ectoderm  of  the  oral  plate  is 
fused  with  the  entodenn  but  not  broken  through;  the  pharynx  does  not 
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yet  show  the  evagination  of  the  pouches;  the  endocardium  of  the  lateral 
heart  is  beginning  to  fuse  at  the  anterior  end;  the  two  dorsal  aortae 
are  well  outlined,  the  first  aortic  arch  is  not  yet  completed.  In  an 
embryo  at  this  stage  the  endocardium  of  the  lateral  heart  on  either  side, 
in  the  region  between  the  junctions  of  foregut  and  midgut  and  the  point 
of  beginning  union  of  the  two  lateral  hearts,  shows  an  intimate  relation- 
ship to  the  thickened  entoderm  of  the  cardiac  sulcus.  The  endocardial 
tube  is  free  and  separate  from  the  myocardial  fold  of  splanchnic  mesoderm 
in  the  sections,  the  contour  of  the  tube  is  either  oval  or  pear-shaped  with 
a  portion  of  the  endothelial  wall  extended  out  as  a  thin  fold  or  strand 
of  cells  toward  the  sulcus.  Examining  the  series  section  by  section  it 
will  be  seen  that  while  in  each  there  ia  the  extension  of  the  fold  or  strand 
of  cells  toward  the  sulcus,  in  certain  sections  there  is  a  short  interval 
and  in  others  very  close  contact;  in  certain  sections  there  is  distinct 
continuity  with  the  entoderm  of  the  sulcus  walls.  This  intimate  re- 
lationship is  lost  in  the  region  of  the  fusion  of  the  lateral  heart. 
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Proceedings  of  the  American  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.     December  31,  1913. 

S9a.  The  passage  of  the  ovum  through  the  vterine  epithtUum  in  Geomys 
imTsarius,  with  demtmstraiion  of  ujox  reconstructions.  'TAomas  G. 
Lee,  Institute  of  Anatomy,  University  of  Minnesota. 
Within  the  order  of  Rpdentia  there  exists  a  greater  variety  in  the 
implantation  of  ovum  and  formation  of  decidual  cavity  than  in  any  of 
the  other  main  divisions  of  the  Mammalia.  The  rage  of  variation  ex- 
tends from  those  forms,  like  the  rabbit,  in  which  the  whole  of  the  uterine 
lumen  is  utilized,  to  that  of  mouse  and  rat,  where  only  a  restricted  por- 
tion of  the  uterine  cavity  is  transformed  into  a  decidual  cavity.  Then 
follows  those  peculiar  forms,  as  Citellus  (spermophilus),  in  which  the 
writer  in  1902  and  1903  described  for  the  first  time  a  rodent  in  which 
the  trophoblastic  layer  of  cells  at  close  of  segmentation  caused  the 
destruction  of  a  small  area  of  the  uterine  epithelium  at  the  antimesomet- 
rial  portion  of  uterine  cavity,  followed  by  an  outgrowth  of  trophoblastic 
cells  into  the  mucosa  to  form  a  nutrient  organ,  followed  by  the  atrophy 
and  disappearance  of  this  organ  upon  the  completion  of  the  allantoic 
placenta  at  the  mesometrial  portion  of  the  uterus;  the  whole  of  the  uter- 
ine cavity  being  utilized  for  a  decidual  cavity,  as  in  the  rabbit.  And 
lastl.\'  are  found  those  forms  in  which,  as  in  man,  the  ovum  passes  entirely 
through  the  uterine  epithelium  and  a  new  decidual  cavity  is  formed  in 
the  mucosa  and  independent  of  the  uterine  lumen.  The  first  rodent  of 
this  tv'pe  to  be  described  was  the  guinea  pig,  so  beautifully  worked  out 
by  Graf  Spee.  In  Geomys  we  find  a  second  rodent  of  this  type,  but  with 
the  following  important  points  of  difference  from  the  guinea-pig  which 
are  shown  in  these  reconstructions.     In  the  guinea-pig  the  ovum  passes 
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through  the  uterine  epithelium  at  close  of  segmentation,  and  while  it  is 
very  small  in  volume,  the  small  perforation  is  quickly  closed  and  the 
uterine  cavity  completely  separated  by  epithelium  from  the  new  decidual 
cavity.  In  Geomys,  on  the  contrary,  the  ovum  perforates  the  uterine 
epithelium  in  the  blastula  stage,  and  when  of  so  large  a  diameter  that 
the  edges  of  the  large  rounded  perforation  of  the  uterine  epithelium 
cannot  grow  together  as  in  the  guinea-pig,  or  be  filled  with  a  fibrin  plug 
as  in  man,  this  opening  persists  during  the  entire  preplacental  period. 
The  epithehum  at  the  Hp  of  perforation  is  somewhat  everted  and  gives 
a  point  of  attachment  to  a  zone  of  the  trophoblaatic  layer  of  the  blasto- 
eyst.  The  dorsal  portion  of  the  trophoblastic  layer  extends  across  the 
opening,  and  by  this  zonal  attachment  to  the  epithelial  lip  completely 
shuts  off  the  uterine  lumen  from  the  new  decidual  cavity.  The  cells 
of  the  mucosa  are  broken  down  and  the  decidual  cavity  is  rapidly  en- 
larged. The  blastocyst  sinks  down  into  this  cavity  but  continues  to 
be  suspended  by  the  above  described  zonal  attachment  to  the  lip  of  the  « 
epithelial  perforation.  This  zone  will  ultimately  form  the  outer  margin 
of  the  allantoic  placenta.  A  detailed  description  of  the  unique  prepla- 
cental development  in  Geomys  with  plates  will  be  published  in  the  near 
future. 
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Proceedings  of  the  American  Association  of  Anatomists,  thir- 
tieth session,  at  the  University  of  Pena'^yivania,  Philadelphia, 
Pa.     December  31,  1913.  ' 

S9b.  An  improved  electric  microscope  lamp,  with  demonstration.  Thoma» 
G.  Lee,  Institute  of  Anatomy,  University  of  Minnesota. 
This  lamp  was  devised  by  the  writer  to  meet  the  demand  for  a  smalt 
compact  and  portable  lamp  for  individual  staff  or  student  use  in  the 
Mimiesota  Institute  of  Anatomy,  and  has  proved  to  be  so  satisfactory 
that  it  is  here  demonstrated  for  the  benefit  of  the  members  of  the  Asso- 
ciation. The  lamp  consists  of  a  small  vulcanite  base  fitted  with  a 
silvered  reflector  and  a  socket  into  which  can  be  screwed  as  desired  either 
a  2,  4  or  6  candle-power  Mazda  lamp  with  miniature  base;  a  metal  cap 
supported  by  3  rods  which  fit  into  the  base  shuts  off  all  aide  light  and 
gives  the  necessary  ventilation.  In  the  top  of  this  cap  is  an  opening 
the  same  size  as  the  base  of  the  Abbe  condensor.  A  device  on  the  top  of 
the  metal  cap  holds  in  place  over  this  opening  the  ordinary  blue  or  ground 
glass  plates  commonly  used  with  the  Abbe  condensor,  thus  givu^  at  all 
times  monochromatic  light  of  uniform  intensity.  The  base  is  fitted  with 
flexible  electric  fixture  wire  terminating  in  a  small  plug  which  fits  into  a 
.socket  in  the  table  top.  The  entire  lamp  is  small,  about  two  inches  in 
diameter  and  in  height,  so  that  it  readily  iits  in  under  the  Abbe  condensor 
when  the  mirror  is  pushed  to  one  side.  When  not  in  use,  the  lamp  can 
be  put  away  in  the  student's  locker  with  the  rest  of  his  outfit.  A  stock 
automobile  Mazda  bulb  of  standard  make  of  6  volts,  5  watts,  alternating 
current  is  used  in  this  lamp.  It  is  the  smallest  available,  the  least  ex- 
pensive, and  will  withstand  rough  usage.  In  fitting  up  the  laboratory 
tables  a  step  down  transformer  is  connected  with  the  feed  wire.  This 
reduces  the  current  used  from  110  volts  to  li  volts.  These  transformers 
are  smalt,  inexpensive,  and  can  be  had  of  any  capacity  desired,  are  used 
in  the  triide  in  sign  lighting  apparatus.  The  wires  leading  from  trans- 
former are  run  underneath  the  tables  and  connected  to  the  sockets  which 
are  set  into  table  top  at  any  desired  point.  A  detailed  description  of 
this  apparatus  with  illustrations  will  appear  in  the  near  future. 
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4/.  Studies  on  the  syrinx  of  Gallus  domesitcus.  J.  A.  Myers,  Institute 
of  Anatomy,  University  of  Minnesota,  Minneapolis. 
The  results  of  this  work  may  be  summarized  as  follows: 
Structure.  (1)  The  syrinx  of  the  domestic  chicken  belongs  to  the 
tracheo-bronchialis  type,  and  Is  quite  simple  when  compared  with  the 
voice  organ  of  song  birds.  (2)  No  intrinsic  muscles  are  present  in  the 
syrinx  of  Gallus  domeaticus.  The  extrinsic  paired  stemo-tracbealis 
with  its  caudal  prolongations  constitute  the  entire  musculature  of  the 
syrinx,  (3)  The  rigid  skeleton  is  very  highly  modified.  The  first 
four  tracheal  rings  are  imperfectly  fused  to  form  the  tympanum.  The 
four  intermediate  syringeal  cartilages  are  continuous  ventrally  with  the 
ventral  pyramid  of  the  pessulus,  while  dorsally  they  end  unattached. 
The  first  bronchial  half-rings  are  large  and  in  adults  are  attached  and 
fused  at  both  ends  of  the  pessulus.  The  pessulus  is  the  largest  of  all 
skeletal  parts  and  lies  dorso-ventrally  at  the  junction  of  the  bronchi  in 
a  plane  transverse  to  the  long  axis  of  the  trachea.  The  tracheal  rings, 
the  pessulus,  and  the  ventral  ends  of  the  first  half-rings  become  os-sified, 
while  all  other  skeletal  parts  remain  cartilaginous.  (4)  The  external 
tympanic  membranes  appear  between  the  fourth  intermediate  syringeal 
cartilages  and  the  first  half-ring«<  while  the  internal  tympanic  membranes 
extend  from  the  caudal  borders  of  the  pessulus  to  the  bronchidesmus 
and  represent  merely  a  modified  part  of  the  medial  bronchial  walla. 
(5)  The  syrinx  is  fined  with  stratified  ciliated  columnar  epithelium 
containing  numerous  simple  alveolar  glands.  Upon  approaching  the 
tympanic  membranes  this  columnar  epithelium  is  transformed  into  a 
stratified  squamous  epithelium  which  becomes  a  single  layer  of  flat- 
tened cells  over  the  membranes  proper.  (6)  The  tympanum  is  attached 
to  the  remainder  of  the  syrinx  only  by  elastic  membranes. 

Development.  (1)  The  first  indication  of  the  respiratory  system  was 
observed  in  a  68  hour  embryo  in  which  the  laryngeo-tracheal  groove  and 
the  bronchi  were  represented.  At  first  the  trachea  is  much  shorter 
than  the  bronchi,  but  with  the  development  of  the  neck,  it  becomes, 
after  the  140  hour  stage,  relatively  much  longer  than  the  bronchi.  The 
walls  of  the  trachea  and  the  bronchi  are  at  first  composed  only  of  epithe- 
lium which  contains  two  or  three  rows  of  nuclei.  (2)  The  mesenchymal 
condensation  common  to  the  entire  epithelial  tube  first  becomes  markedly 
prominent  at  the  tracheah  bifurcation  in  an  embryo  of  152  hours.  (3) 
The  anlagen  of  the  firat  bronchial  half-rings  appear  in  a  176  hour  embryo, 
those  of  the  fourth  intermediate  syringeal  cartilages  appear  12  hours 
later.  The  anlagen  of  the  third  intermediate  syringeal  cartilages  and 
the  anlage  of  the  pessulus  are  present  at  200  hours.  (4)  Distinct 
cartilage  cells  were  first  observed  in  the  first  bronchial  half-rings.  (5) 
The  first  four  tracheal  rings  have  not  united  to  form  the  tympanum  at 
hatching,  nor  have  the  other  skeletal  elements  taken  the  shape  of  those 
found  in  the  adult.  No  bone  is  present  at  the  time  of  hatching.  (6) 
Ciliated  ceils  are  present  in  stages  beyond  248  hours  but  were  not  ob- 
served in  the  region  of  the  future  tympanic  membranes.  (7)  Mucous 
cells  were  first  observed  in  332  hour  embryos  and  only  in  later  stages 
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were  they  found  arranged  in  the  form  of  simple  alveolar  glands.  (8) 
Muscular  tissue  is  differentiated  in  the  176  hour  stage.  Muscle  libers 
showing  faint  cross  strlations  appear  at  296  hours.  At  452  hours  the 
muscles  are  well  developed.  (9)  At  the  time  of  hatching  the  tympanic 
membranes  are  thick.  They  are  covered,  however,  as  in  the  adult, 
with  a  single  layer  of  epithelial  cells. 

Function.  (1)  That  the  syrinx  is  the  true  voice  oi^^n  of  the  chicken 
is  evident  from  the  following  deductions:  First,  structurally  it  is  the 
only  part  of  the  respiratory  tract  capable  of  producing  sound;  Second, 
when  the  trachea  is  divided  and  the  cephalic  portion  tightly  tied  off, 
the  chicken  is  still  able  to  crow;  Third,  after  division  of  the  trachea, 
voice  can  be  reproduced  artificially  by  forcing  air  into  the  air  sacs. 
(2)  The  upper  laryn.\  serves  only  to  modulate  the  voice,  (3)  The 
sterno-tracheal  muscles  by  their  contraction  shorten  the  trachea  and 
modify  pitch.  They  also  draw  the  tympanum  cephalad,  thus  indirectly 
varying  the  tenseness  of  the  tympanic  membranes.  (4)  The  air  sacs 
are  nece.ssary  in  voice  production,  for  voice  could  not  be  reproduced 
artificially  after  puncturing  the  cervical  sacs. 
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Proceedings  of  the  American  Afsociation  of  Anatomists,  thir- 
"tieth  session,  at  the  University  of  Pennsylvania,  Philadelphia, 
Pa.    December  31,  1913. 

48.  The  developmeni  of  the  pancreas  in  selachians.     Richard  E.  Scammon, 

Institute  of  Anatomy,  University  of  Minnesota. 

The  pancreas  of  selachians  is  remarkable  in  that  it  arises  from  a  single 
diverticulum  which  has  geiiera,lly  been  described  as  dorsal  in  position. 
It  is,  however,  very  difficult  to  determine  the  exact  position  of  this 
anlage  by  the  customary  means  of  reconstruction.  For  this  purpose, 
therefore,  I  have  applied  the  method  of  graphic  reconstruction  devised 
by  Weber.  This  method,  which  seems  to  me  a  most  valuable  device  for 
studying  the  early  stages  of  the  larger  glands,  has  apparently  been  em- 
ployed only  by  its  originator  some  ten  years  ago  in  an  extensive  study  of 
the  earliest  stages  of  development  of  the  liver  and  pancreas  in  Amniotes. 
The  details  of  this  procedure  can  hardly  be  given  in  the  space  allotted 
here.  They  may  be  found  in  Weber's  original  work  (Arch.  D'Anat. 
microsc,  T.  5,  '(Kt),  and  will  he  agfun  presented  in  this  paper  in  its  final 
form.  In  general  terms,  it  is  a  modification  of  the  graphic  method  of 
reconstruction  in  wiiich  the  varying  thickness  of  the  epithelixmi  of  the 
reconstructed  archenteron  is  represented  in  corresponding  varying 
shades  of  color  so  that  one  may  study  the  various  areas  of  epithelial 
thickening  in  much  the  same  way  that  one  interprets  the  elevations  of 
land  in  a  topographic  map. 

A  reconstruction  made  in  this  manner  of  the  midgut  of  an  Acanthias 
^mliryo  5.2  mm.  in  length,  which  is  of  a  stage  well  preceding  any  indica- 
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tion  of  the  pancreas  as  an  outpouching,  shows  in  the  future  pancreatic 
region  of  thickened  epithelium  which  includes  not  only  the  dorsal  zone 
of  the  gut  but  extends  well  ventrally.  This  pancreatic  area  is  connected 
with  a  large  thickening  ventral  and  anterior  to  it  which  constitutes  the 
liver  anlage.  These  two  thickenings,  the  pancreatic  and  hepatic,  con- 
stitute, with  the  thickened  epithelium  connecting  them,  a  ring  which 
passes  obliquely  completely  around  the  archenteron.  The  existence  of 
such  a  pancreatic-hepatic  ring  was  postulated  long  ago  by  Brachet  and 
has  been  demonstrated  to  a  great  extent  in  Amniotes  by  Weber, 

Reconstructions  by  Weber's  method  of  the  midgut  regions  of  erabrjos 
of  Acanthias  7.5,  9  and  10  mm.  in  length,  show  a  gradual  breaking  up  of 
thi.s  ventral  hepatic  segment.  Between  the  two  the  epithelium  remains 
somewhat  thickened  and  in  this  occurs  a  particularly  thickened  patch 
which  occupied  the  same  position  as  does  the  anlage  of  the  ventral  pan- 
creas in  the  higher  vertebrates.  This  thickened  plate  never  produces 
an  outpouching  and  disappears'  in  older  embryos.  While  the  dorsal 
outpouching  of  the  pancreas  is  a  single  one,  there  is  in  Acanthias  at  least, 
an  early  indication  of  division  into  right  and  left  lobes.  This  division 
is  not  very  distinct  and  can  hardly  be  demonstrated  without  Weberian 
and  plastic  reconstructions.  In  Acanthias  the  left  lobe  lies  anterior  to 
the  right  and  is  the  smaller.  It  forms  in  embryos  from  15  to  35  mm.  in 
length  a  distinct  antero-ventral  mass  which  later  is  to  a  considerable 
extent  incorporated  in  the  descending  limb  of  the  gland.  In  such 
other  selachians  as  I  have  studied  this  lobe  lies  posterior  to  the  right 
one.  This  is  probably  because  the  left  lobe  is  not  differentiated  until  the 
gland  begins  to  separate  from  the  gut  and  in  all  selachians  except  Acan- 
thias separation  takes  place  antero-posterioriy.  I  do  not  think  that  the 
bilobed  dorsal  pancreas  is  to  be  regarded  as  a  primitive  condition. 
Rather  it  is  produced  by  the  clockwise  rotation  of  the  gut  and  the  forma- 
tion of  the  spiral  valve.  Bilobed  dorsal  pancreas  anlagen  are  found  in 
mammab  and  in  selachians  but  have  not  been  clearly  demonstrated  else- 
where unless  one  accepts  the  observations  of  von  Kiippfer  the  value  of 
which  has  been  rendered  doubtful  by  the  work  of  Piper  and  Nicolas.  It 
seems  then  that  the  bilobed  form  of  dorsal  pancreas  is  limited  to  those 
forms  in  which  the  clockwise  rotation  of  the  gut  (common  to  some  extent 
to  all  vertebrates)  takes  place  at  an  early  period  and  that  this  form  of 
pancreas  is  due  to  that  rotation. 

A  more  complete  statement  of  the  development  of  the  selachian  pan- 
creas will  be  published  in  the  near  future. 
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4o.  The  technique  of  Weber's  method  of  reconstruction.  Richard  E. 
ScAMMON,  Institute  of  Anatomy,  University  of  Minnesota.  (Lan- 
tern slides.) 

Thia  method  as  used  by  its  autlior  was  applied  mainly  to  surfaces 
which  were  almost  fiat.  Its  extension  to  tlie  study  of  rounded  surfaces 
requires  that  a  method  of  curvature  ehmination  be  adopted.  In  deal- 
ing with  the  surfaces  of  cylindera  or  cones  this  is  easily  done  by  cor- 
recting for  vertical  curvature  alone,  but  where  segments  of  spherical 
surfaces  are  involved  corrections  for  horizontal  curvature  are  also 
necessary.  Vertical  and  horizontal  corrections  can  be  made  so  that  the 
•finished  plat  will  give  an  approximately  true  representation  of  both  the 
area  and  shape  of  a  given  outline  upon  a  curved  surface. 

The  method  of  making  a  finished  reconstruction  from  the  reconstruc- 
tion plat  has  been  considerably  simplified  by  the  introduction  of  color 
by  means  of  '  Herring'  papers  and  by  building  up  the  final  reconstruc- 
tion in  strata. 

The  entire  process  involves  the  following  steps:  (a)  Correcting  sec- 
tion drawings  for  vertical  curvature;  (b)  Scaling  drawings  for  thick- 
ness; (c)  I^aying  out  reconstruction  plat  with  corrections  for  vertical 
and  horizontal  curvature:  (d)  Plotting  gauge  lines;  (e)  Building  up  the 
finished  reconstruction  from  the  plat. 
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OK   WEBER'S   METHOD   OF   RECONSTRUCTION    AND 
ITS  APPLICATION  TO  CURVED  SURFACES 

RICHARD  E.  8CAMM0X 

Institute  of  Anatomy,  Univeraity  of  Minnesota 


In  embrj'ologicai  work  it  is  sometimes  a  matter  of  importance 
to  determine  with  accuracy  areas  of  epithelial  thickening  which 
are  not  demonstrated  satisfactorily  by  the  ordinary  methods  of 
graphic  or  plastic  reconstruction.  Placodal  thickenings  of  the 
skin  ectoderm,  thickened  zones  in  the  neural  tube,  and  the  thick- 
ened areas  found  in  the  early  archenteron  are  examples  of  struc- 
tures which  are  not  well  demonstrated  by  these  customary 
methods.  A  method  of  reconstruction  which  brings  out  graphi- 
cally the  extent  and  comparative  thickness  of  such  areas  was 
devised  some  years  ago  by  A.  Weber,  and  was  used  by  him  with 
much  success  in  the  study  of  the  very  early  development  of  the 
great  glands  of  the  digestive  tract.  Weber  first  published  an 
account  of  his  method  in  1902,'  and  again  a  shorter  summary 
in  connection  with  the  final  report  on  his  work  in  the  following 
year,"  Apparently  the  method  has  not  been  employed  elsewhere. 
I  ha\e  found  it  of  such  interest  in  the  study  of  the  earlier  stages 
of  the  pancreas  and  liver  that  it  has  seemed  desirable  to  present 
it  here  with  some  modifications  which  may  be  found  useful, 
particularly  in  its  application  to  curved  surfaces. 

Weber's  method  is  based  upon  that  of  graphic  reconstruction 
from  transverse  sections.  -A.n  outline  (from  either  lateral  or 
dorsal  \-iew,  as  desired)  of  the  organ  to  be  reconstructed  is  plotted 

'  Unc  m^thode  de  reconstruction  graphique  d't^paiiucura  ct  quclnues-unca 
de  sea  applications  k  rembrj'ologie.    Bibliog.  Anat.,  T.  11. 

'  L'origine  des  glandcs  annexes  de  rinteatine  moycn  che«  Ics  vcrtt'^brf^a.  .^rch. 
d'Anat.  .N(icr.,  T.  10. 
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out  on  transverse  section  lines  in  the  customaiy  manner.  In- 
stead, however,  of  completing  the  reconstruction  by  indicating 
the  contour  of  the  surface  thus  outlined  (as  is  commonly  done) , 
the  thickness  of  the  wall  which  forms  that  surface  is  measured 
in  the  transverse  sections,  and  the  variations  in  this  thickness 
are  plotted  out  upon  the  reconstruction.  The  reconstruction 
will  then  bear  a  number  of  lines  which  mark  the  boundaries 
between  areas  of  epithelium  of  different  thicknesses.  To  finish 
the  reconstruction,  the  areas  thus  outlined  are  filled  in  with  dif- 
ferent shades  of  a  single  color,  the  darker  shades  being  used  for 
the  thicker  areas  of  the  epithelial  wall.  The  finished  recon- 
struction then  will  exhibit  the  outline  of  the  structure  and  the 
variation  in  the  thickness  of  the  part  of  its  wall  which  is  shown 
in  this  particular  view.  It  will  give  no  conception  of  the  sur- 
face modeling  of  this  wall  aside  from  what  can  be  determined 
from  the  outline  alone. 

The  picture  obtained  is  much  the  same  as  would  be  secured 
were  it  possible  to  remove  the  wall  of  the  structure,  render  it 
translucent  and,  magnifying  it  greatly,  hold  it  before  a  bright 
light.  The  thicker  portions  of  the  wall  would  then  appear  to 
the  observer  as  darker  areas,  as  they  do  in  the  reconstruction. 

Figure  1  is  a  graphic  reconstruction  of  the  left  side  of  the 
archenteron  of  an  embryo  of  Torpedo  oeellata,  4.0  mm.  in  length 
(No.  765  of  the  Harvard  Embryological  Collection).  The 
portion  of  the  gut  lying  on  either  side  of  the  anterior  intestinal 
portal  and  included  between  the  lines  A  and  B  has  been  re- 
constructed by  Weber's  method  and  is  shown  in  fgure  4.  The 
latter  figure  shows  by  means  of  its  coloring  a  broad  band  of  thick- 
ened epithelium  extending  dorso-ventraliy  across  the  gut  at  the 
level  of  the  anterior  intestinal  portal.  The  lower  and  thickest 
part  of  this  band  represents  the  anlage  of  the  gall  bladder  and 
liver,  while  the  upper  part  includes  the  future  pancreatic  region. 
A  thickened  spur  extends  backward  from  this  zone,  and  marks 
off  the  line  along  which  the  intestine  will  eventually  separate 
from  the  yolk-stalk  ventral  to  it. 

The  method  of  preparation  of  such  reconstructions  can  best 
be  explained  in  detail  by  following  an  example  of  the  process. 
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For  this  purpose  I  will  use  the  reconstruction  shown  in  figure  4 
which  has  just  been  described. 

In  preparing  this  reconstruction,  drawings  were  made  of  each 
section  of  the  portion  of  the  gut  involved,  although  fairly  satis- 
factory' results  can  be  secured  with  drawings  of  every  other 
section.  These  drawiags  should  be  made  at  a  high  magnifi- 
cation, preferably  over  300  diameters.  As  the  sections  are 
drawn,  they  show  of  course  the  curvatures  of  the  contour  of  the 
archenteron  wall.  It  is  desirable  to  eliminate  these  cur\'atures 
in  the  reconstruction  and  to  present  the  gut  wall  as  an  approxi- 


Fig.  1  A  graphic  reconstruction  (lateral  view)  of  a  portion  of  the  archenteron 
of  an  embryo  of  Torpedo  ocellata  4.0  mm.  long  (H.E.C.  765).  X  30.  The  out- 
line of  tlie  embryo  is  represented  in  broken  line.  The  archenteron  is  drawn  in 
solid  line.  The  portion  of  the  archenteron  lyinfi  between  the  dotted  vertical 
lines  A  and  B  is  shown  in  a  Weber's  reconstruction,  at  higher  magnification,  in 
figure  4. 


mately  flat  plane.  If  this  is  not  done,  areas  which  project  sharply 
from  the  general  plane  of  the  archenteron  will  be  represented 
in  the  reconstruction  as  much  narrower  than  they  actually  are 
in  the  specimen  or,  if  small,  may  be  lost  entirely.  To  eliminate 
these  curvatures,  it  is  necessary  to  divide  the  outer  margin  of 
each  section  into  a  number  of  short  cords  or  segments,  each  of 
which  will  be  comparatively  straight,  and  to  lay  off  segments 
of  an  equal  length  on  the  transverse  section  lines  of  the  recon- 
struction. This  can  be  done  with  a  pair  of  small  screw  com- 
For  work  at  a  magnification  of  300  diameters  and  over, 
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segments  of  1  cm.  are  small  enough  to  eliminate  most  of  the 
error  from  curvature.  Figure  2  is  of  a  section  (No.  104)  of 
the  reconstruction  under  discussion.  The  short  lines  on  the 
inner  side  of  its  margin  represent  the  boundaries  of  these  centi- 
meter segments. 

The  thickness  of  the  epithelium  forming  the  gut  wall  is  now 
to  be  measured  in  each  drawing.  For  this  purpose  a  unit  of 
measurement  must  first  be  determined.  Working  with  drawings 
made  at  a  magnification  of  300,  it  has  been  found  that  the  1.5  mm. 
is  the  smallest  unit  practicable  for  such  a  scale.  By  using  this 
unit  one  is  able  to  measure  variations  of  less  than  5  micra  in  the 
thickness  of  the  gut  wall,  and  errors  of  projection  and  drawing 
would  probably  render  more  refined  measurements  of  little  value. 
A  scale  of  1.6  mm.  units  is  laid  out  upon  a  stiff  card,  or  better, 
a  piece  of  transparent  celluloid.  This  scale  or  gauge  Is  then 
passed  over  each  section,  care  being  taken  to  keep  its  graduated 
margin  at  right  angles  to  the  axis  of  each  segment  of  the  draw- 
ing and  its  zero  point  at  the  inner  margin  of  the  epithelium.  This 
process  is  begun  at  the  dorsal  median  line  on  each  section  and  is 
carried  laterally  or  ventrally  from  that  point.  At  the  first 
place  where  the  thickness  of  the  epithelium  is  found  to  corre- 
spond to  a  graduation  point  on  the  scale,  a  fine  line  is  drawn  out 
to  the  side  of  the  section  and  the  thickness  noted  at  its  end.  The 
scale  is  carried  along  the  section  until  a  point  is  reached  where 
the  thickness  of  the  epithelium  corresponds  with  the  next  gradu- 
ation (either  above  or  below  the  former  one)  on  the  scale.  Again 
a  line  is  drawn  out  from  the  section  at  this  point  and  the  thick- 
ness noted.  This  process  is  continued  until  the  entire  side  of 
the  section  has  been  gauged  and  marked  off  into  segments  in 
which  the  variation  in  thickness  is  not  over  1.5  mm.  on  the  draw- 
ing or  5  micra  in  the  corresponding  section.  An  example  of  a 
section  thus  gauged  is  shown  in  figure  2.  As  shown  by  the  gauge 
Unes,  the  epithelium  immediately  below  the  dorsal  median  line 
is  between  30  and  25  micra  (6.5  mm.  at  x  300)  in  thickness. 
The  thickness  falls  to  25  micra  at  the  point  indicated.  This  is 
followed  by  a  broad  zone  which  is  less  than  25,  but  o\er  20 
micra  thick.     Ventral  to  this  zone,  the  epithelium  increases  to 
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a  thickness  of  between  35  and  40  micra,  and  then  again  decreases 
to  less  than  10  micra  as  it  approaches  the  blastoderm.  The 
arrows  seen  in  the  figure  point  towards  the  thinner  edge  of  the 
segment  and  are  used  to  avoid  confusion  in  mapping  put  the 
gauge  lines  on  the  reconstruction  at  a  later  time.     It  is  impor- 


Fig.  2  Drawing  of  n.  transi'ersn  section  of  the  arohenteron  of  a  Torpedo 
embryo  4.0  mm.  long  (H.E.C.  765)  showing  the  methoil  of  meaeuring  sections  for 
reconstruction  by  Weber's  method.  The  short  lines  extending  into  the  sectiott 
mark  the  centimeter  segments  used  in  eliminating  lateral  curvature  from  the 
section.  The  longer  lines  extending  out  to  the  right  from  the  section  arc  the 
gauge  lines.  The  figures  at  the  end  of  the  gauge  lines  indicate  in  micra  the  thick- 
ness of  the  epithelium  at  the  points  touched  by  them. 

tant  that  in  gauging  the  section  drawing  the  scale  be  held  at  right 
angles  to  the  long  axis  of  that  particular  part  of  the  wall  which 
is  being  measured  rather  than  at  a  similar  angle  to  either  the 
inner  or  outer  surface  of  the  epithelial  strip.  This  holds  par- 
ticularly when  gauging  the  thickness  of  an  epithelial  band  which 
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is  rapidly  changing  in  caliber,  or  when  gauging  a  portion  of  a 
band  which  forms  a  sharp  curve.  Failure  to  observe  this  pre- 
caution causes  noticeable  error  both  in  the  gauge  readings  and 
in  the  position  of  the  gauge  points  on  the  drawing.  There  will 
often  be  encountered  considerable  portions  of  the  wall,  the  thick- 
ness of  which  corresponds  exactly  to  the  gauge  unit  or  a  multiple 
of  it.  My  rule,  made  arbitrarily,  has  been  to  mark  as  the  gauge 
point  the  first  (i.e.,  most  dorsal)  level  at  which  such  a  zone  is 
encountered. 

A  reconstruction  outline  is  now  made  on  section-lined  paper 
in  the  usual  manner,  except  that  only  the  dorsal  margin  of  the 
gut  is  mapped  out.  Using  this  margin  line  as  a  base,  the  trans- 
A'erse  section  lines  are  divided  into  centimeter  segments  corre- 
sponding to  those  made  on  the  mai^ins  of  the  drawings  of 
the  sections.  In  practice  it  is  convenient  to  mark  the  point 
separating  each  block  of  5  cm.  segments  in  a  different  color  to 
aid  in  plotting.  The  ventral  margin  of  the  gut  and  the  gauge 
points,  which  have  been  determined  on  the  cross  section  drawings, 
are  now  plotted  on  the  transverse  lines  of  the  reconstruction 
in  the  usual  manner,  except  that  instead  of  measuring  the  dis- 
tance of  each  point  from  the  dorsal  margin  of  the  section  and 
transferring  this  measurement  to  the  corresponding  section  line 
as  is  customary,  one  measures  the  distance  of  the  point  from  the 
nearest  centimeter  mark  in  each  case.  The  ventral  outline  of 
the  reconstruction  and  the  gauge  lines  indicating  the  thickness 
of  the  epithelium  are  estabhshed  by  connecting  all  the  points 
of  the  same  order  as  is  done  in  an  ordinary  graphic  reconstruction. 
The  reconstruction  will  now  have  the  form  seen  in  figure  3.  There 
the  base  and  transverse  reconstruction  lines  are  lightly  drawn 
and  the  centimeter  segment  points  are  indicated  as  small  dots 
on  the  latter.  The  outline  of  the  reconstruction  is  indicated  in 
heavy  line.  The  ventral  margin  posterior  to  the  anterior  in- 
testinal portal  has  been  cut  away  arbitrarily  in  a  straight  line. 
The  gauge  lines  indicating  the  thickness  of  the  epithelial  wall 
of  the  organ  are  represented  in  heavy  broken  line.  The  vertical 
fgures  placed  at  the  termination  of  the  gauge  lines  indicate 
their  values  in  micra. 
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Fig.  3  ReconHtruction  plat  of  a  ^V  eber  a  reconstruction  (lateral  \  icw)  of  the 
portion  of  the  archenteron  bounded  by  the  lines  A  and  B  in  figure  1.  The  light 
vertical  linee  represent  the  tranaverse  sections.  The  outlincoF  the  reconstruct  on 
is  represented  in  heavy  solid  lines.  The  gauge  lines  bounding  areas  of  epithelium 
of  different  thicknesses  are  represented  in  heavy  broken  lines.  The  dots  on  the 
transverse  lines  represent  the  boundaries  of  the  centimeter  segments  described 
in  the  text  and  shown  in  figure  2.  The  vertical  figures  at  the  margins  of  the  re- 
construction give  the  value  of  the  gauge  lines  in  micra.  The  figure  is  reduced  to 
one-half  the  size  of  the  original  reconstruction,  which  wiis  made  at  a  magnifi- 
cation of  350. 


There  remains  but  to  color  in  the  areas  which  are  marked  off 
by  the  gauge  lines.  Weber  did  this  with  water-color  and  secured 
excellent  results,  as  Ms  figures  show,  but  a  much  simpler  and 
quite  as  satisfactory  a  method  is  to  use  papers  of  different  shades 
of  gray  for  the  different  areas.  Such  papers  should  be  as  near 
'pure'  mixtures  of  black  and  white  as  it  is  iMssible  to  secure. 
The  only  kind  which  I  have  found  satisfactory  is  the  'Herring' 
series  which  has  been  prepared  for  color  work  in  psychological 
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laboratories.  The  shades  numbered  3,  4,  7,  10,  16,  20,  30,  42 
and  46  make  a  satisfactory  series  of  marked  but  fairly  equal 
gradations. 

To  build  up  the  final  colored  reconstruction  gray  papers 
are  selected,  equal  in  number  to  the  areas  mapped  off  on  the 
reconstruction  by  the  gauge  lines.  The  entire  outline  of  the 
reconstruction  is  now  traced  upon  the  lightest  colored  papter. 
This  area  is  cut  out  and  pasted  firmly  upon  a  piece  of  compo  or 
plaster  board.  Upon  the  paper  of  the  next  darker  shade  there 
is  traced  an  outline  similar  to  the  preceding  except  that  the  space 
representing  the  thinnest  area  is  cut  away.  This  second  sheet 
is  pasted  upon  the  first  one  so  that  the  similar  angles  and  sides 
correspond.  In  this  way  the  area  of  thinnest  epithelium  is  rep- 
resented by  the  lighter  colored  paper  and  all  thicker  areas  by 
the  darker  one.  This  process  is  continued,  all  thinner  areas 
being  cut  away  from  each  new  outline  until  the  darkest  and 
final  shade  of  paper  will  have  th6  shape  and  will  represent  the 
area  of  the  thickest  epithelium  only.  This  method  of  building 
up  the  papers  of  different  colors  in  strata  will  be  found  much 
easier  than  to  cut  out  each  separately  and  then  attempt  to  fit 
them  together  in  a  mosaic.  Figure  4  is  a  half-tone  made  directly 
from  such  a  colored  reconstruction  and  based  upon  the  plotting 
illustrated  in  figure  3. 

The  example  just  described  is  of  a  lateral  view  reconstruction. 
Reconstructions  may  he  made  by  Weber's  method  to  show  dorsal 
or  ventral  views  of  epithelial  structures  as  well.  For  this  pur- 
pose the  trans\'erse  sections  of  the  structure  are  drawn  and  meas- 
ured in  the  same  manner  as  that  described,  A  reconstruction 
plat  is  then  laid  out  as  follows.  A  vertical  line  is  drawn  in  the 
middle  of  the  sheet  to  represent  the  dorsal  median  line  of  the 
structure  and  transverse  section  lines  are  drawn  on  either  side 
at  the  proper  distance  apart  and  at  right  angles  to  the  median 
vertical  one.  The  centimeter  points,  which  on  lateral  view 
reconstructions  must  be  measured  off  on  each  transverse  section 
fine,  can  be  located  on  the  plat  in  this  case  by  simply  ruling 
vertical  lines  parallel  to  and  at  centimeter  intervals  from  the 
median  one.     The  gauge  points  and  lines  marking  the  boundaries 
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Fig.  4  A  finished  Weber's  reconstruction  (lateral  view)  made  from  the  plat 
represented  in  figure  3  and  including  that  part  of  the  archenterun  lying  between 
the  lines  A  and  B  in  figure  I.  The  thicknesses  of  the  epithelium  in  several  parte 
of  the  reconstruction  arc  represented  by  the  various  shades  of  Rray.  Starting 
with  the  lightest,  these  several  shades  represent  the  following  epithelial  thick- 
neaaes;  (I)  below  10^;  (2)  10  to  15m;  (3)  15  to  20^;  (4)  20  to  25,i;  ih)  25  to  30*.; 
(6)3010  35^;  (7)  35  to  40^;  (8)  above  40^.  This  figure  is  reilucfd  to  Ihrer-fifths 
the  sise  of  the  original  reconstruction. 

between  areas  of  diiferent  epithelial  thickness  are  mapped  out 
as  in  the  lateral-view  reconstruction.  Should  the  reconstruction 
be  of  a  tubular  structure,  the  ventral  median  Une  must  be  de- 
termined in  each  cross  section  drawing.  In  reconstructing,  the 
tube  is  then  represented  as  split  along  its  ventral  median  line 
and  flattened  out  laterally;  i.e.,  the  lateral  margins  of  the  re- 
construction represent  in  fact  the  ventral  median  line  of  the 
original  tube.  Figure  5  is  an  example  of  such  a  reconstruction 
plat  made  from  the  same  object  employed  for  the  lateral  view  re- 
construction already  described.  The  method  of  representation 
and  lettering  are  the  same  as  used  for  figure  3. 
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Several  of  the  possible  uses  and  advantages  of  this  method  of 
reconstruction  have  been  mentioned.  It  remains  to  speak  of  a 
few  disadvantages  and  sources  of  error.  In  the  first  place  the 
outlines  of  the  reconstructions,  aside  from  the  one  used  as  a  base 
line,  are  not  strictly  such  as  would  be  secured  by  the  ordinary 
graphic  or  plastic  methods.  In  eliminating  the  lateral  curvattires 
from  the  transverse  sections,  the  dimensions  of  the  figure  are 
increased  dorso-ventrally  or  laterally,  as  the  case  may  be,  with- 
out a  similar  increase  antero-posteriorly.  Weber  made  no 
attempt  to  eliminate  the  curvature  seen  in  cross  sections,  regard- 
ing it  in  fact  as  of  some  value  in  indicating  contour.  I  have 
already  pointed  out  the  disadvantage  in  reconstructing  without 
making  this  correction,  which  I  think  should  be  done  even  at 
the  expense  of  some  accuracy  of  outline,  which  can  easily  be 
determined  by  the  other  reconstruction  methods. 

^^■hile  the  error  introduced  by  this  method  is  small  when 
dealing  with  structures  havmg  surfaces  approximating  those  of 
cones  or  cylinders,  it  is  considerable  when  applied  to  spherical 
surfaces.  Spherical  surfaces  do  not  admit  of  being  spread  out 
into  planes  as  do  those  of  cones  and  cylinders.  Cartographers, 
who  have  much  this  same  problem  in  representing  lai^  areas 
of  the  globe,  ha\'e  developed  a  number  of  methods  of  projection 
to  meet,  in  part,  this  difficulty.  These  are,  however,  too  com- 
plex for  our  work  and  are  all  based  upon  representations  of  the 
perfect  sphere.  For  the  purpose  at  hand  surfaces  which  approxi- 
mate spherical  ones  can  best  be  treated  by  first  compensating 
for  the  vertical  curvature  by  the  method  of  segmenting  the  out- 
line of  the  section  already  described;  and,  second,  by  allowing 
for  longitudinal  or  horizontal  curvature  by  increasing  the  dis- 
tance separating  the  cross  section  lines  on  the  reconstruction  plat. 
The  latter  can  be  done  by  determining  the  actual  length  of  the 
outline  of  the  structm-e  to  be  reconstructed  and  dividing  this 
distance  by  the  number  of  sections  which  the  structure  contains. 
Multiplying  the  figure  thus  secured  by  the  magnification  at  which 
the  reconstruction  outlines  are  drawn  gi\'es  one  the  distance  which 
should  separate  the  section  lines  on  the  reconstruction  plat. 
This  practice  differs  from  that  of  ordinary  reconstruction  in 
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that  the  longitudinal  axis  of  the  structure  is  used  in  the  customary 
method  instead  of  the  actual  length  of  the  outline  as  in  this  case. 
Reconstructions  made  with  these  corrections  will  show  approxi- 
mately the  area  and  shape  of  any  given  outline  upon  a  curved 
surface,  although  neither  will  be  strictly  accurate.  As  a  rule 
such  correction  will  be  unnecessary  unless  one  is  dealing  with 
surfaces  which  curve  very  abruptly.  Measurements  of  the  thick- 
ness of  epithelial  plates  which  curve  longitudinally  or  horizontally 
will  always  be  a  little  exa^erated  because  such  plates  are  cut 
somewhat  obliquely  by  transverse  sections.  There  seems  to  be 
no  practical  way  of  ehminating  this  error. 

Finally,  the  reconstruction  will  represent  the  variations  in 
thickness  of  the  epitheUum  as  occurring  in  definite  steps  and  not 
as  gradual  transitions  as  in  nature.  Most  of  this  artificial 
distinction  can  be  eliminated  by  using  the  smallest  unit  of 
measurement  practicable  and  thus  increasing  the  number  of 
shades  present  in  the  reconstruction  while  decreasing  the  degree 
of  their  difference.  Great  reduction  of  figures  in  their  repro- 
duction also  aids  in  securing  the  effect  of  gradual  transition. 
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INTRODUCTION 

The  structure  of  the  adult  selachian  liver  is  far  removed  from 
that  type  which  is  generally  considered  characteristic  of  the 
oi^an  in  vertebrates.  This  variance  from  the  common  verte- 
brate type  is  seen  in  the  great  accumulation  of  fat  in  the  hepatic 
cells,  in  the  comparatively  slight  development  of  the  bile  duct 
system  and  in  the  absence  of  lobulation  of  the  kind  generally 
found  in  higher  vertebrates.'    However,  these  pecularities  which 

<  The  histology  of  the  adult  elasmobraiich  liver  was  first  briery  described  by 
Leydig  ('&!)  from  observations  on  Chimaera.  He  published  a  more  complete 
account  dealing  with  several  forms  of  selachians  in  1S53.  Later  deHcriptiona  of 
the  general  histology  of  the  adult  liver  have  been  given  by  Shore  and  Jones  ('S9), 
Pilliet  ('90),  and  Holm  ('97).  Deflandre  ('05)  has  investigated  the  fat  content 
of  the  hepatic  cells,  and  Monti  ('98)  has  studied  the  bile  capillaries  by  the  Golgi 
method. 
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distinguish  the  selachian  liver  are  oot  manifested  until  a  com- 
paratively late  stage  in  the  developnient  of  the  organ.  In 
earlier  stages  characters  common  to  the  liver  in  all  vertebrates, 
but  which  are  often  masked  or  modified  in  higher  forms,  are 
shown  with  unusual  clearness.  It  is  chiefly  with  these  more 
fimdamental  characters  such  as  the  fonnation  and  anastomoses 
of  the  hepatic  cyhnders,  the  differentiation  of  the  minor  bile 
ducts  and  the  relation  of  the  parenchymatous  and  vascular 
structures  in  the  liver,  that  this  paper  has  to  do.  The  specific 
characters  of  the  selachian  liver,  which  have  been  mentioned, 
have  been  considered  only  incidentally. 

The  main  material  employed  in  this  study  consisted  of  embryos 
of  Squalus  acanthias,  but  specimens  of  Raia  batis,  Torpedo 
ocellata,  Mustelus  canis,  Mustelus  laevis  and  Squatina  angelus 
have  been  used  for  supplemental  and  comparative  work.  For 
a  large  part  of  the  Acanthias  material,  and  for  the  specimens 
of  Mustelus  laevis,  I  am  particularly  indebted  to  the  late  Dr. 
Charles  S.  Minot,  who  not  only  permitted  the  rranoval  of 
numerous  series  from  the  Harvard  Embryological  Collection, 
but  also  provided  special  material  for  use  in  this  work. 

DEVELOPMENT  OF  THE  HEPATIC  CYLINDERS 

1.  Literature 

Our  conception  of  the  glandular  structure  of  the  vertebrate 
Kver  rests  upon  a  large  munber  of  observations  made  mainly 
in  the  first  half  of  the  last  century  and  culminating  hi  the  work  of 
Eberth  ('66)  and  Herring  ('72).  Since  that  time  it  has  been 
recognized  that  the  liver  is  a  compound  gland  with  a  more  or 
less  regularly  branching  system  of  ducts  and  with  a  terminal 
network  of  anastomosing  end  pieces,  and  our  knowledge  of  the 
details  of  this  network  has  been  greatly  extended  by  the  Golgi 
method  in  the  hands  of  Retzius  ('92),  Hendrickson  ('96)  and 
others. 

It  is  generally  stated  that  the  anastomotic  type  of  liver  is  a 
modification  of  the  compound  branching  gland  type.  Of  this 
the  best  proof  is  the  phylogenetic  one,  for  in  the  lower  cyclos- 
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tomes,  the  liver  is  indeed  a  true  compound  branching  gland, 
as  has  been  shown  by  the  work  of  Retzius  ('92),  Holm  ('97), 
Cole  ('13}  and  others.  In  Fetromyzon,  however,  aoastomoses 
occur  occasionally  in  the  embryo  (Brachet  '97)  and  are  very 
Dumeroua  in  the  adult  (Renaut  '97).  On  the  side  of  embryology 
Uttle  evidence  of  this  modification  has  been  offered,  although 
the  statement  that  the  hver  arises  in  many  vertebrate  embryos 
as  a  branching  gland,  and  that  it  takes  on  its  adult  reticular 
structure  through  the  anastomoses  of  its  end  piec^,  is  common 
enough  in  texts.  But  an  examination  of  (he  hterature  shows  no 
more  complete  account  of  this  early  period  of  the  histogenesis 
of  the  hver  than  that  given  by  Remak  ('55)  excepting  Hilton's 
work  ('03)  on  the  pig  which  has  hardly  received  the  attention 
that  it  deserves.  The  study  of  the  actual  course  of  the  anasto- 
mosis of  the  end  pieces  has  also  been  neglected,  and  the  only 
clear  statement  to  be  foxind  r^arding  this  process  is  not  in 
connection  witli  the  liver  at  all  but  in  Laguesse's  ('96)  description 
of  the  histogenesis  of  the  pancreas  where  he  found  numerous 
anastomoses  at  different  stages. 

The  literature  of  the  histogenesis  of  the  liver  in  selachians 
is  scanty  and  has  been  to  a  large  extent  reviewed  in  the  com> 
prehensive  works  of  Oppel  ('00)  and  Fiessinger  ('11). 

Balfour's  ('76)  accoimt  was  the  first  to  appear  and  as  it  has 
formed  the  basis  of  all  later  descriptions,  it  is  given  here  in  full: 


By  st^e  K  the  hepatic  diverticula  have  begun  to  bud  out  a  number 
of  small  hollow  knobs.  These  rapidly  increase  in  leogtb  and  number 
and  form  the  so-called  hepatic  cylinders.  They  anastomose  and  unite 
together  so  that  by  stage  L  there  is  constructed  a  r^ular  network. 
As  the  cylinders  increase  in  length  their  lumen  becomes  very  small 
but  appears  never  to  vanish. 

Hammar  ('93)  in  the  course  of  a  study  devoted  particularly 
to  the  development  of  the  larger  hepatic  structures  illustrates  the 
development  of  the  hepatic  cylinders  in  two  models  of  the  liver 
of  Torpedo  embryos  corresponding  in  development  to  Balfour's 
stages  L  and  M.  He  makes  no  comment  upon  them  aside  from 
stating  that  the  trabeculae  increase  in  number  and  decrease  in 
caUber  in  the  period  intervening  between  the  two  stipes. 
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Brachet  ('95)  studying  Torpedo  embryos  detennined  with 
accuracy  the  area  of  the  hepatic  diverticulum  which  gives  rise 
to  the  hepatic  tubules,  and  confirmed  Balfour's  description  of 
the  structtu'e  of  the  hepatic  cylinders  in  later  stages. 

Holm  ('97)  figured  and  described  very  briefly  sections  of  the 
liver  of  two  Scylliimi  embryos  of  advanced  stages. 

Most  of  our  later  information  concerning  the  embryonic 
hepatic  parenchyma  comes  from  the  studies  of  Braus  ('96)  on  em- 
bryos of  Acanthias,  Spinax  and  ScyUium.  Confirming  Balfour's 
observations  in  regard  to  early  stages  be  noted  a  complete  and 
regular  anastomosis  of  the  tubules  in  Acanthias  embryos  of  38 
nmi.  Here  the  tubules  were  of  even  size  and  consisted  in  cross 
section  of  seven  cells  surrounding  a  Itmien  of  variable  size  but 
distinctly  larger  than  that  seen  in  the  adult.  The  hepatic  cells 
of  this  stage  were  free  from  fat.  In  older  embryos  of  Spinax  and 
Acanthias  the  cells  were  fat  laden.  Braus  saw  no  side  branches 
nor  blind  endings  of  any  hepatic  capillaries. 

Choron8hitzky('00),studyingTorpedo,found  several  secondary 
hollow  outgrowths  from  the  hepatic  pouch  in  his  "Stadiimi  II," 
which  corresponds  approximately  to  Balfour's  stage  K,  and  to 
the  Normal-plate  Nos.  22-24.  In  "Stadimn  III"  which  is 
represented  by  considerably  older  embryos,  the  liver  pouches 
give  rise  to  a  number  of  small  hollow  buds,  the  cavities  of  which 
communicate  with  that  of  the  pouch.  "Die  Leber  macht  im 
allgemeinen  den  Eindruck  einer  verzweigten  Driise."  By  "Sta- 
dium IV"  the  hollow  buds  have  been  transformed  into  much 
branched  hepatic  trabeculae  which  contain  no  traces  of  lulhina. 
Choronshitzky's  opinion  of  the  mechanical  influence  of  the  blood 
vessels  on  the  formation  of  the  hepatic  tubules  will  be  discu^ed 
in  a  later  part  of  this  paper. 

Minot  ('00)  in  discussing  the  development  of  sinusoids,  men- 
tions the  presence  of  the  first  short  hepatic  cylinders  in  an  Acan- 
thias embryo  of  11.5  mm.  and  speaks  of  their  anastomosis  and 
growth  in  older  stages.  He  noted  the  interesting  retardment 
of  development  which  is  to  be  seen  in  later  stages  in  the  caudal 
tip  of  the  liver  as  compared  with  the  cardiac  end. 
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Debeyre  ('09)  made  use  of  observatioiis  upon  the  development 
of  the  hepatic  cylinders  in  Acanthias  to  lay  the  ghost  of  the 
tixeory  of  the  mesodermal  origin  of  the  hepatic  parenchyma, 
which  had  been  a^ain  raised  a  short  time  before  by  G^raudel 
('07).  He  gives  no  complete  or  detailed  h^tory  of  the  cylinders 
but  notes,  with  illustrations,  their  general  appearance  in  embryos 
1&>  22,  and  30  mm.  in  length,  respectively.  In  the- latter  he 
recognized  the  beginiming  of  a  period  of  pronounced  increase 
in  the  diameter  of  the  cylinders.  Debeyre  noted  the  presence 
of  numerous  granules  in  the  apices  of  the  hepatic  cells  and  bases 
upon  this  the  interesting  su^estion  that  the  liver  may  serve 
as  an  organ  of  internal  secretion  during  a  part  of  embryonic 
Ufe. 

S.  Early  development  of  the  hepatic  tubules 

In  this  account  the  structures  which  have  been  variously 
termed  hepatic  cords,  trabeculae,  cylinders  and  tubules  will 
be  spoken  of  as  tubules  as  loi^  as  they  remain  as  portions  of 
simple  or  branching  imanastomosed  glands.  The  term  hepatic 
cylinders  will  be  employed  for  the  same  structiu-es  after  the 
process  of  anastomosis  has  taken  place. 

The  exact  time  when  the  anlagen  of  the  hepatic  tubules  first 
make  their  appearance  is  somewhat  variable.  In  general  they 
are  first  \o  be  seen  in  embryos  from  7.5  to  9  mm.  in  length,  being 
somewhat  younger  than  Balfour's  stage  K^  and  corresponding 
to  numbers  22  and  23  of  the  Normal  plate  series.  Such  embryos 
hav9  from  fifty  to  sixty-five  segments  and  four  or  five  pairs  of 
gill  pouches  of  which  the  anterior  three  or  four  may  open  extern- 
ally. The  spiral  valve  is  in  the  process  of  formation,  making 
at  this  time  one  or  two  complete  turns  of  the  intestine  and  the 
vitelline  duct  is  reduced  to  a  short  wide  canal.  The  form  of 
liver  anh^e  at  this  stage  is  represented  somewhat  diagrammati- 
cally  in  figure  1.  The  organ  consists  of  a  ventral  median  pouch 
from  the  foregut  just  anterior  to  the  vitelline  duct.    The  anterior 

*  In  oorrelating  embryos  with  stages  of  B&lfour's  series  only  the  geDoral  develop- 
ment of  the  embryo  has  been  considered  and  not  the  state  of  development  of  the 
organ  under  discussion. 
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part  of  this  pouch  is  full  and  rounded  and  may  be  termed  the  pars 
hepatica  mediana.  From  the  median  pouch  sprii^  two  large 
lateral  pouches  which  form  together  the  pars  hepatica  lateralis. 
In  stages  just  preceding  the  appearance  of  the  tubule  anlagen  the 
lateral  pouches  are  smooth  and  globose  and  proj  ect  outward  almost 
at  right  angles  to  the  median  hepatic  pouch.  At  ihe  time  when 
the  tubules  are  formed,  however,  the  lateral  pouches  are  flattened 
transversely  and  have  entered  upon  a  pronounced  dorsal  growth. 
Comiected  with  the  liver  pouch  above  and  in  front  and  with  the 
anterior  wall  of  the  yolk  stalk  behind  is  a  small  thick  walled 
sac,  the  anlage  of  the  gall  bladder.    The  hepatic  tubules  take 


Fig.  1  Lateral  view  of  a  semi-diagrammatic  recoiutruction  of  tfae  foregut 
and  liver  of  an  Acanthias  embryo  9  mm.  long.  The  areas  represented  in  stipple 
give  rise  to  hepatic  tubules. 

origin  entirely  from  the  pars  hepatica  mediana  and  the  pars  he- 
patica lateralis.  These  areas  are  indicated  in  stipple  in  figure  1. 
The  tubule  anlagen  arise  in  two  forms:  as  slight  longitudinal 
ridges  upon  the  lower  part  of  the  outer  surface  of  the  lateral 
pouches  and  as  very  small  insularities  of  the  dorsal  margins 
of  the  same  structures.  "When  first  observed  the  longitudinal 
ridges  are  two  to  four  in  munber  on  either  side.  They  extend 
almost  the  entiie  length  of  the  lateral  pouches  and  are  distinctly 
separated  by  shallow  lateral  furrows.  Sometimes  these  ridges 
may  be  subdivided  longitudinally  at  their  ends.  Figure  17  is  a 
view  from  the  left  side  and  below  of  the  liver  of  an  embryo  7.5 
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mm.  in  l«igtb  (S.C.  14).*  This  specimen  bears  two  ridges  on  the 
left  hepatic  pouch,  but  the  right  pouch  is  entirely  smooth.  The 
irregularities  of  the  margin  of  the  hepatic  pouches,  which  also 
form  tubules,  are  at  first  so  ill  defined  as  to  be  scarcely  noticeable 
unless  reconstructed.  Then  it  is  seen  that  the  formerly  straight 
dorsal  margin  has  a  wavy  contour. 

The  tubule  ridges  rapidly  increase  both  in  size  and  number. 
New  ridges  appear  ventral  and  mesial  to  the  earlier  ones  and 
extend  to  the  base  of  the  lateral  pouches  and  upon  the  ventral 
surface  of  the  pars  hepatica  medialis  of  the  median  hver  pouch. 
No  new  ridges  appear  dorsal  to  the  first  ones  and  I  think  that  no 
new  ridges  arise  between  older  ones.  By  the  tune  the  embryo 
reaches  a  length  of  10  to  12  mm.  each  lateral  pouch  wall  and 
lateral  half  of  the  pars  hepatica  medialis  bears  seven  to  ten 
tubule  ridges.  This  is  the  total  number  formed  on  either  side, 
and  when  tubules  thereafter  arise  from  the  pouch  directly,  they 
do  so  as  individual  tubules  and  not  in  the  form  of  tubule  ridges. 
Figure  IS  is  a  view  from  the  left  side  and  below  of  a  reconstruction 
of  the  Uver  of  an  Acanthias  embryo  10  nun.  in  length  (6.0.  20) 
showing  the  later  form  of  the  tubtde  ridges  and  the  beginning 
of  the  differentiation  of  tubules  from  them. 

Before  all  the  tubule  ridges  are  formed  the  ones  which  first 
develop  are  broken  up  by  transverse  or  oblique  furrows  into 
rather  irregular  rows  of  low  mound  like  elevations.  These 
elevations  are  the  anlagen  of  the  individual  hepatic  tubules  and 
may  be  seen  in  fi{{ure  IS  referred  to  above.  They  are  semi- 
circular or  nearly  so  in  cross  section  and  nearly  twice  as  long  as 
broad,  their  greater  length  bdng  always  directed  antero-poste- 
riorly.  Almost  immediately  the  tubtdes  begin  an  active  outward 
growth  and  each  is  differentiated  into  a  distal  extremity  which 
often  is  large  and  pouch  like,  and  a  more  slender  proximal  stalk 
which  is  connected  with  the  hepatic  pouch  and  which  is  circular 
in  cross  section.  The  further  growth  of  the  tubiiles  takes  place 
by  the  formation  of  tubules  of  the  second  order  from  the  distal 

•  In  deeignatingembryoBthe  following  abbreviations  will  beemployed:  H.E.C., 
Harvard  Embryological  Collection;  K.U.E.C,  Embryological  Collection,  De- 
partment of  Zoology,  University  of  Kansas;  S.C,  author's  collection. 


Digitized  by  Google 


252  RICHARD   £.   BCAMMON 

expansions  of  the  primary  ones.  The  secondary  tubules  are  short 
conical  projections  rarely  over  one  and  one-half  times  as  long  as 
their  greatest  diameter.  They  arise  from  the  sides  of  the  distal 
expansion  and  almost  always  extend  out  at  r^t  aI^^es  to  the 
axis  of  the  primary  tubule.  Those  primary  tubules  which  arise 
from  the  sides  of  the  hepatic  pouches  and  are  packed  in  among 
their  fellows  commonly  assume  a  T-shaped  form  with  the  limbs 
of  the  T  directed  antero-posterioriy.  The  primary  tubules  which 
arise  from  the  margins  of  the  hepatic  pouches  become  somewhat 
larger  than  those  formed  from  the  tubule  ndges  and  give  rise  to 
from  three  to  seven  secondary  tubules  from  their  expanded 
distal  chambers.  These  secondary  branches  may  again  sub- 
divide into  branches  of  the  third  order  and  upon  these  in  turn 
there  may  occasionally  be  found  nipple-like  projections  which 
represent  the  fourth  order  of  tubules.  In  the  large  majority 
of  cases,  however,  anastomosis  takes  place  before  tubules  of  the 
fourth  or  even  the  third  order  are  formed.  Figures  19  and  20 
are  of  wax  reconstructions  of  tubules  from  the  lateral  hepatic 
pouch  of  an  embryo  13.3  mm.  in  lejigth  (S.  C.  No.  18) .  In  0gure 
19  one  sees  the  beginning  of  the  outpouching  of  the  distal  ex- 
pansion into  secondary  tubules.  These  stmctiu^a  are  well 
marked  projections  in  the  older  tubule  shown  in  figure  20.  Figures 
22  and  23  are  two  views  of  a  hepatic  tubule  from  the  dorsal 
margin  of  the  left  hepatic  pouch  of  an  embryo  15  mm.  long 
(H.E.C.  227).  The  latter  figure  shows  tubules  of  the  fourth 
order.  Figure  21  is  a  wax  reconstruction  of  *two  youi^  primary 
tubules  from  the  ventral  surface  of  the  pars  hepatica  medialis 
of  the  same  15  mm.  embryo.  One  of  these  shows  the  beginning 
of  tubules  of  the  second  order. 

When  the  tubule  ridges  first  appear  on  the  hepatic  pouches 
they  are  due  to  the  increased  thickness  of  the  epithelium  in  these 
places  and  not  to  an  ev^nation  of  the  pouch  wall.  In  cross 
sections  of  the  ridges  (see  fig.  28,  a  cross  section  of  the  lateral 
wall  of  the  left  hepatic  pouch  of  an  embryo  of  8  mm.  K.U.E.C. 
542)  it  is  noticeable  that  the  nuclei  which  in  other  parts  of  the 
wall  are  arranged  in  two  interlocking  rows  tend  to  be  reduced 
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to  a  ^ngle  row  which  lies  near  the  external  surface  of  the  epithe- 
lium. There  seems  to  be  but  a  single  layer  of  very  high  columnar 
cells  at  this  point  but  the  cell  boundaries  are  not  very  clear. 
There  is  always  a  broad  clear  zone  of  cytoplasm  towards  the 
lumen  of  the  pouch  opposite  the  tubule  ridge.  Mitotic  figiu-es 
do  not  occur  in  the  ridges  but  are  frequent  in  the  zones  of  epithe- 
lium between  them.  Following  the  formation  of  the  ridge  there 
appears  a  very  shallow  trench  on  the  internal  surface  of  the 
^ithelium.  The  lumina  of  the  individual  tubules  appear  as  the 
tubule  theEQselves  are  differentiated  through  the  breaking  up 
of  the  ridges  into  rounded  anlagen.  Qne  then  finde  in  each  tubule 
anlage  a  narrow  slit-like  cleft  passing  between  the  cell  walls 
at  right  angles  to  the  pouch  cavity.  This  is  shown  in  figure  29. 
Thus  at  first  the  tubule  cells  do  not  lie  at  right  angles  to  the  tubule 
lumen  but  nearly  parallel  to  it.  Later  the  cella  assume  an  obUque 
position  (see  again  fig.  29)  and  finally  come  to  lie  in  the  typical 
radiating  position  in  relation  to  the  lumen  (fig.  30).  As  the 
tubules  develop  the  cells  become  shorter  and  their  nuclei  change 
from  elongately  ovoid  to  nearly  spherical  bodies. 

S.  The  anastomosis  of  the  hepaiic  tubuUs 

The  liver  is  transformed  from  a  gland  of  the  branching  to  one 
of  the  reticular  type  by  the  anastomosis  of  its  end  pieces.  The 
process  begins  in  Acanthias  in  embryos  from  12  to  15  nmi.  in 
length.  Such  embryos  have  from  70  to  85  pairs  of  somites  and 
correspond  roughly  with  Balfour's  stages  L  and  K  and  with  Nos. 
25-26  of  the  Normal  plate  series.  The  tubules  arising  from  the 
dorsal  portions  of  the  lateral  liver  pouches  precede  in  their 
differentiation  those  of  other  regions  and  it  is  generally  amoi^ 
these  dorsally  placed  tubules  that  anastomoses  are  first  found. 
Later  the  tubules  of  the  lower  parts  of  the  lateral  pouches  and 
finally  those  of  the  pars  hepatica  medialis  enter  upon  the  process. 
Variants  from  this  general  plan  of  procedure  are  not  uncommon. 
Figm^  2,  of  a  sagittal  section  of  the  left  hepatic  pouch  of  an 
embryo  14  mm.  long  (S.C.  30)  shows  how  general  anastomoses 
are  when  once  they  begin  in  a  given  region. 
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No  particular  d^ree  of  differeutiation  seems  necessary  before 
a  tubule  takes  part  in  an  anastomosis,  and  when  this  process 
begins  in  any  region  both  branched  and  simple  tubules  fuse 
indifferently.  The  commonest  form  of  anastomosis  is  that 
established  by  the  end  to  end  fusion  of  tubules,  but  tubules  may 


Fig.  2    Sagittal  section  of  the  aaastomoeing  tubules  of  the  left  hepatic  pouch 
of  an  Acanthiaa  embryo  H  mm.  long  (S.C.  30.)     X  100. 

also  join  end  to  side  or  side  to  side.  The  last  type  is  much  com- 
moner in  later  stages  when  more  opportunities  are  offered  for  this 
form  of  contact.  Anastomoses  also  seem  to  take  place  with 
equal  frequency  between  tubules  formerly  quite  separate  or 
between  minor  branches  of  the  same  tubule  when  it  is  possible 
for  such  branches  to  come  in  contact. 
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Figure  24  is  of  a  wax  reconstruction  of  three  anastomosing 
tubules  from  the  left  hepatic  pouch  of  an  embryo  15  mm.  in 
length  (H.E.C.  227).  The  pouch  wall  from  which  the  tubules 
spring  is  cut  away  squarely  around  the  base  of  each  tubule. 
Tubules  A  and  B  are  completely  anastomosed  end  to  end  but 
there  is  still  a  distinct  constriction  at  the  plane  where  they  have 
joined  and  the  lumen  within  is  considerably  narrower  than  in 
the  bodies  of  the  tubules.  Although  not  clearly  shown  in  the 
figure  both  A  and  B  are  T-shaped  and  in  each  case  the  other 
tip  of  the  tubule  ends  freely  without  anastomo^.  Tubule  C 
is  a  compound  one  and  the  subdivision  which  passes  over  to  join 
with  £  is  a  branch  of  the  third  order.  There  is  as  yet  no  actual 
anastomi^s  between  C  and  B,  but  the  epithelial  walls  of  the 
two  are  in  direct  contact. 

The  lack  of  any  account  of  the  .histology  of  anastomosis  seems 
to  warrant  a  rather  full  description  of  the -process  here.  The 
process  may  be  rather  arbitrarily  divided  into  three  steps  or 
stages.  In  the  first  step  the  tubules  come  in  actual  contact; 
in  the  second  there  occurs  the  fusion  of  their  walls  and  a  re- 
arrangement  of  the  cells  forming  them,  and  in  the  third  there  is 
an  establishment  of  a  connecting  channd  between  the  two 
original  lumina. 

These  stages  of  anastomosis  can  be  observed  in  the  liver  of 
Acanthias  embryos  of  any  length  from  13  to  45  mm.  They  are 
more  eaaly  followed,  however,  in  young  specimens.  The  figures 
which  are  used  here  to  illustrate  the  process  have  been  taken 
from  embryos  under  20  mm.  in  length.  In  each  case  the  sections 
have  been  followed  through  and  the  tubules  involved  have  been 
reconstructed  to  make  siu%  that  the  picture  presented  was  not 
due  to  an  oblique  plane  of  section  or  a  misinterpretation  of  a 
segment  of  a  single  complicated  tubule. 

Early  stages  of  contact  of  the  anastomosing  tubules  are  illus- 
trated by  figure  30  which  is  a  transverse  section  of  the  left  hepatic 
pouch  of  an  embryo  13.3  mm.  long  (S.C.  18).  Numerous  tubules 
extend  outward  from  the  lateral  wall  of  the  hepatic  pouch.  Of 
these  the  larger  number  are  still  in  the  form  of  simple  tubules 
which  are  expanded  distally  but  a  few  have  entered  upon  anasto- 
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mosis.  The  blood  vessels  pass  among  the  tubules  covering  them 
in  part  with  a  thin  fihn  of  endothelium  which  is  interrupted  at 
some  places  by  the  attachment  of  strands  of  mesenchyma  and  at 
others  by  the  apposition  of  the  distal  surfaces  of  tubules  with 
the  insheathii^  layer  of  splanchnic  mesothelium.  Whether  this 
endothelial  covering  forms  an  absolutely  continuous  partition 
without  fenestra  between  the  blood  and  the  tubule  epithelium 
cannot  be  definitely  determiued  without  injected  specimens, 
but  there  seem  to  be  places  where  the  separation  is  not  complete. 
Anastomosis  is  inaugurated  by  the  contact  of  the  involved  tubules. 
At  first  a  few  mesenchymal  or  endothelial  cells  may  separate  the 
tubules  but  these  are  apparently  pressed  to  either  side  so  that  the 
entodermal  cells  soon  he  in  actual  contact.  Often  at  first  only 
four  or  five  tubule  cells  actually  meet,  but  shortly  there  is  formed 
an  area  of  contact  which  generally  is  not  quite  so  large  as  the 
caliber  of  either  tubule  involved.  Sometimes  the  cells  of  one 
tubule  indent  the  wall  of  the  consort  but  this  is  not  the  common 
rule.  There  are  no  basement  membranes  about  the  hepatic 
tubules,  but  the  basal  margins  of  the  cells  seem  a  little  thickened 
so  that  for  a  time  after  contact  the  line  between  the  cells  of  the 
two  anastomosii^  tubules  is  still  distinct.  With  the  disappearance 
of  this,hne  the  tubules  may  be  considered  as  fairly  fused. 

The  connection  between  the  two  fused  tubules  is  often  drawn 
out  a  Uttle  forming  a  short  stalk  or  bridge  between  them.  This 
will  be  termed  here  the  connecting  stalk.  An  indentation  upon 
the  external  surface  of  this  stalk  indicates  the  line  of  fusion  of  the 
tubules.  The  connecting  stalk,  when  present,  is  generally  a  httle 
less  in  diameter  than  are  either  of  the  tubules  and  the  boundaries 
of  the  cells  forming  it  are  not  clear.  One  can  follow  the  cells, 
however,  by  the  position  of  their  nuclei.  Although  at  first  sight 
the  nuclei  appear  scattered  without  order  in  the  stalk  or  at  the 
point  of  anastomosis,  a  little  study  enables  one  to  determine  with 
some  accuracy  which  nuclei  are  contributed  by  each  tubule. 
The  two  rows  of  nuclei  approach  one  another  and  may  interlock 
but  their  radial  arrangement  in  r^ard  to  the  lumina  of  the  two 
original  tubules  is  not  lost  at  first.  They  then  pass  to  one  side 
or  the  other  of  the  connecting  stalk,  leaving  a  clear  cytoplasmic 
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core  in  which  cell  boundaries  are  faintly  distinguidiable.  In  so 
doing  the  axes  of  the  nuclei  rotate  through  an  angle  of  90°  so 
that  instead  of  beii^  parallel  to  the  loi^  axis  of  the  connecting 
stalk  as  at  first,  tiiey  are  now  at  right  angles  to  it.  Such  rotation 
can  be  determined,  of  course,  only  in  young  tubules  where  the 
nuclei  are  oval  and  not  circular  in  section.  Figure  26,  drawn 
from  an  embryo  19  mm.  in  length  (S.C.  3),  shows  an  early  step 
in  these  changes.  Figure  3  A  is  a  graphic  reconstruction  of 
the  tubules  shown  in  cross  section  in  figure  26.  Id  this  section 
the  rows  of  nuclei  belonging  to  the  two  tubules  involved  are 
distinguishable  although  the  process  of  migration  of  the  nuclei 
to  the  ffldes  of  the  connecting  piece  lb  clearly  under  way.  In 
figure  36  of  a  later  stage  from  an  embryo  14  mm.  in  length 
(3.C.  30),  all  the  nuclei  with  the  exception  of  one  have  passed  to 
the  sides  of  the  connecting  stalk. 

In  following  the  course  of  the  nuclei  in  tubule  anastomosis 
one  is  but  tracing  the  movements  of  the  cells  in  which  they  are 
contained,  for  it  is  hardly  to  be  considered  that  the  nuclei  shift 
their  axes  within  the  cells,  and  moreover  the  few  faint  cell  botmd- 
aries  which  may  be  made  out  show  the  same  changes  in  position 
as  do  the  nuclei.  The  hepatic  cells  of  the  connectii^  stalk  have 
shifted  through  an  arc  of  about  90°  and  when  a  lumen  is  estab- 
lished through  the  center  of  the  connecting  stalk  it  is  botmded  at 
least  in  greater  part  by  the  same  cell  surfaces  which  were  presented 
to  the  lumina  in  the  original  tubules.  In  other  words,  while 
the  tubule  cells  involved  in  anastomosis  have  shifted  in  position, 
their  surfaces  and  their  axes  will  bear  the  same  relation  to  the 
new  lumen  which  they  did  to  the  former  one.  Their  long  axes 
will  be  at  right  angles  to  the  limien  while  the  inner  and  outer 
surfaces  of  the  cell  remain  constant  in  both  the  original  position 
in  the  simple  tubule  and  the  later  position  in  the  anastomotic 
segment.  The  polarity  of  the  cell,  in  the  sense  of  the  term  as 
used  by  Rabl  ('88,  '90),  is  not  disturbed  by  anastomosis. 

The  lumen  of  the  anastomosis  is  formed  by  clefts  which  ex- 
tend out  from  the  lumina  of  the  formerly  simple  tubules.  These 
clefts  are  at  first  small  and  irregular.  They  pass  between  the 
rather  irregular  borders  of  the  radially  arranged  cells  of  the  con- 
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necting  stalk  or  plate,  and,  meetii^,  become  confluent.  It  is 
not  until  some  time  after  these  clefts  have  joined  that  the  lumen 
of  the  anastomosis  acquires  its  full  aze  and  regularity.  A  late 
stage  in  the  establishment  of  this  connecting  chamiel  is  shown 
in  figure  27  from  an  embryo  19  mm.  long  (S.C.  3).  Here  the 
clefts  are  stil!  separated  by  a  single  cell.  Figure  3  B  is  a  graphic 
reconstruction  of  the  tubules  involved  in  this  anastomosis. 


Fig.  3  Graphic  reconstructions  of  anafitomosing  hepatic  tubules  in  Acauthias. 
Detailed  drawings  of  the  sections  indicated  with  dotted  lines  will  be  found  in  p]at« 
2.  j1  ,  tubules  from  an  embryo  19  mm.  long(S.C.3)  (see  fig.  28).  B,  tubules  from 
anembryoldmm.  long(S.C.  2)  (see  fig.  27).     X  100. 

Ji.  hater  history  of  the  hepatic  (flinders 

a.  Growth  of  the  hepatic  network.  Immediately  after  anasto- 
moMS  has  occurred  the  liver  increases  in  size  very  rapidly.  At 
first  this  growth  is  due  almost  entirely  to  the  increase  in  number 
of  the  hepatic  cylinders,  but  later  the  greater  portion  is  brought 
about  by  the  tremendous  enlargement  of  the  hepatic  sinusoids. 
After  anastomosis  new  cylinders  are  added  to  the  existing  net- 
work in  three  ways :  by  the  formation  of  tubules  from  the  remains 
of  the  hepatic  pouches,  by  the  formation  of  blind  sprouts  or 
buds  from  the  sides  of  cylinders  forming  the  network  and  by  the 
production  of  new  cylinders  at  the  periphery  of  the  network  from 
the  cylinders  located  there.  These  methods  of  addition  to  the 
hepatic  network  cease  in  the  order  given  and  the  proportional 
amount  contributed  to  the  network  by  the  several  methods  is 
in  inverse  order  to  that  in  which  they  are  listed  above. 
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The  direct  production  of  new  hepatic  cyhnders  from  the 
hepatic  pouches  contributes  but  little  to  the  bulk  Of  the  h^atic 
network  and  continues  for  only  a  short  period  after  anastomoses 
are  formed.  As  described  in  section  2,  there  are  numerous 
tubules  which  arise  at  the  bases  of  or  between  tubules  which  have 
previously  sprung  from  the  hepatic  pouches.  These  younger 
tubules  are  at  first  small  nipple  shaped  elevations  arising  singly 
and  not  from  ri<^es.  So  long  as  the  earlier  tubules  renudn  ample 
the  later  tubules  follow  them  closely  in  their  development,  but 
when  anastomoses  become  common  among  the  older  tubules 
and  the  sinusoidal  circulation  is  well  established,  the  younger 
tubules  anastomose  almost  immediately  after  their  formation 
either  with  one  another  or  with  cylinders  of  the  already  estab- 
lished network.  In  later  stages  hepatic  tubules  may  sometimes 
arise  as  loops,  the  ends  of  which  are  attached  to  the  wall  of  the 
hepatic  pouch.  By  the  time  the  embryo  reaches  a  length  of 
approximately  20  mm.  (Normal  plate  Nos.  27-28,  Balfour's  stage 
N)  the  hepatic  pouches  are  transformed  into  veritable  hepatic 
ducts  and  thereafter  no  new  hepatic  tubules  arise  from  them. 

Hepatic  cylinders,  as  has  been  seen,  give  rise  to  secondary 
buds  while  still  in  the  form  of  single  tubules,  and  this  budding 
process  continues  long  after  anastomosis.  The  process  can  be 
most  clearly  demonstrated  by  the  means  of  thick  sections  of 
which  figure  41  from  an  embryo  24  mm.  in  length  is  an  example. 

'  The  method  of  preparation  of  the  thick  aectiooB  used  iu  this  study  was  as 
follows:  The  embryo  was  infiltrated  with  celloidin  and  cemented  to  a  piece  of 
infiltrated  spleen  or  liver  which  in  turn  wa«  fastened  to  a  fiber  block.  The  speci- 
men was  then  cleared  by  Gilson's  method,  which  makes  the  block  almost  trans- 
parent. The  block  was  then  placed  in  the  microtome  clomp  and  a  strong  beam  of 
light  from  a  condenser  directed  upon  the  object.  A  Greenough  binocular  micro- 
scope equipped  with  low  power  lenses  was  set  up  over  the  object.  With  this 
arrangement  it  was  possible  to  follow  in  detail  the  process  of  section  cutting. 
Sections  were  then  carefully  cut  away  until  the  exact  region  desired  wasreacbed. 
By  focusing  with  the  binocular  it  was  possible  to  determine  the  approximate 
thickness  of  the  section  needed  to  just  include  the  desired  structures,  and  this 
section  was  then  removed  with  a  single  cut.  Sections  made  in  this  way  are  often 
superior  to  reconstructions  for  the  study  of  the  form  of  very  small  structures. 
They  are  best  stained  in  a  very  dilute  carmin  solution  and  cleared  for  a  long 
period  in  cedar  oil,  after  which  they  can  be  observed  with  the  binocular  micro- 
scope, or  better  with  the  aid  of  an  Abby  binocular  eyepiece. 
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In  the  area  of  approximately  1  mm.  represented  here  there  are 
five  blind  buds  projecting  from  the  cyUnders  into  the  sinusoids. 
This  method  of  addition  to  the  network  continues  for  a  con- 
siderable period.  I  have  found  no  traces  of  new  buds  in  the  body 
of  the  hver  after  the  great  increase  in  size  of  the  cylinders  when 
the  embryo  reaches  a  length  of  about  40  mm.  However,  in  the 
portions  of  the  liver  which  are  the  last  to  be  formed,  i.e.,  the  dor- 
sal margins  and  the  posterior  tips  of  the  lateral  lobes,  this  method 
of  cylinder  formation  continues  until  the  embryo  reaches  a  length 
of  50  to  60  mm. 

While  in  the  earlier  stages  of  the  development  of  the  hepatic 
network  the  increase  comes  perhaps  equally  from  peripheral 
and  interstitial  growth,  in  later  stages  the  latter  method  is  by 
far  the  more  important.  The  hepatic  network  terminates  periph- 
erally in  a  lai^e  number  of  blind  knobs  which  by  their  growth 
and  division  give  rise  to  a  large  amount  of  hepatic  tissue.  The 
cells  of  these  terminal  knobs  remain  in  a  comparatively  undiffenti- 
ated  condition  while  those  of  the  more  central  part  of  the  network 
are  undergoing  rapid  chaises  in  structure.  Figure  43  shows  a 
small  portion  of  the  tip  of  the  lateral  lobe  of  an  embryo  20  mm. 
long.  The  mesothelium  covering  the  liver  has  been  removed. 
Here  the  terminal  knobs  are  seen  projecting  from  the  general 
network  and  are  often  attached  to  the  mesothelial  sheath  by 
strands  of  meeenchyma.  This  specimen  was  prepared  by  cutting 
a  thick  celloidin  section  of  the  region  desired  by  the  method 
already  described.  The  celloidin  was  then  dissolved  away  and 
the  mesothehal  covering  stripped  from  the  fragment  with  fine 
forceps. 

The  peripheral  addition  to  the  hepatic  network  takes  place 
at  first  over  the  entire  surface  of  the  Uver.  But  like  the  inter- 
stitial method  of  addition  it  is  later  limited  to  the  tips  of  the 
lateral  lobes  and  to  the  dorsal  margins  of  both  the  body  and 
lateral  lobes  of  the  liver  which  at  a  comparatively  late  stage 
grow  rapidly  upward  between  the  stomach  and  the  lateral  body 
walls.  In  embryos  60  mm.  in  length  these  areas  are  much  re- 
stricted and  they  cannot  be  seen  in  an  embryo  80  mm.  long. 


Digitized  by  Google 


HI8T0GKNESI8   OF  THE   LIVER  261 

In  the  rapidly  growing  parts  of  the  liver  the  cylinders  often 
terminate  peripherally  in  expanded  end-bulbs  or  vesicles  which 
contain  a  lumen  many  times  the  diameter  of  that  of  the  typical 
cylinder.  Such  vesicles  are  found  in  embiyos  from  25  to  40  mm. 
in  length  but  not  in  older  specimens.  Their  walls  consist  of  a 
low  columnar  or  cuboidal  epithelium.  Figure  4  is  a  cross  section 
of  one  of  these  structures  from  the  lateral  lobe  of  an  embryo 
36.6  mm.  long  (S.C  10).  The  significance  of  these  vesicles  is 
unknown  to  me. 


Fig.  4  T«rmiDal  vesicle  of  a  hepatic  cylinder  from  the  lateral  lobe  of  od  Acan- 
thias  embryo  36.6  mm.  long  (S.C.  10).  X  400.  L,  lumen  of  hepatic  cylinder; 
V,  terminal  veBicle;  X,  side  branch  from  central  Imnen  of  cylinder. 

b.  Changes  in  the  size  and  slTiicture  of  the  hepatic  cylinders. 
When  the  hepatic  tubules  enter  upon  anastomoses  they  are 
irregular  in  form  and  of  variable  caliber.  The  lumina  of  the 
tubules  are  large  and  irregular  and  are  generally  surrounded  in 
cross  section  by  14  or  15  cells,  if  one  may  judge  from  the  number 
of  nuclei  present,  for  cell  boundaries  are  often  indistinct  at  this 
time. 

Table  1  shows  some  of  the  changes  which  take  place  in  the 
course  of  the  later  development  of  the  cylinders.  The  measure- 
ments and  cell  counts  given  in  this  table  are  in  each  case  averages 
determined  from  twenty  fair  cross  sections  of  cylinders  of  the 
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posterior  part  of  the  median  lobe  of  the  liver.  The  cross  sections 
of  cylinders  were  taken  at  random  from  this  region,  except 
that  those  lying  in  the  rapidly  growing  peripheral  zone  were 
avoided  in  each  case. 

In  the  first  specimen  of  the  series  the  number  of  cdls  bounding 
the  lumen  in  cross  section  averages  12.5.  The  diameter  of  the 
tubules  has  become  more  uniform  and  averages  58  micra.  Ex- 
amples of  such  tubules  are  illustrated  in  figure  31.  At  about  this 
time  the  Uver  b^;ins  to  increase  greatly  in  size.  This  growth  is 
due  in  part  to  the  actual  increase  in  number  of  hepatic  cells,  as 

TABLE  1 

Meaauremenla  of  Ihe  hepatic  eylindere  in  Acanlhias  embrj/os 
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35.6 
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33.0 
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47.0 

5.2 

50.0 

4.6 

60.0 

5.3 

80.0 

5.0 

is  indicated  by  the  presence  of  numerous  mitotic  figures  in  the 
hepatic  cylinders,  but  a  much  greater  part  of  the  increment  is 
due  to  the  establishment  of  the  huge  hepatic  sinusoids.  With 
this  increase  in  size  of  the  sinusoids  the  tubules  are  distinctly 
reduced  in  size,  their  average  diameter  dropping  from  58  micra 
in  an  embryo  15  mm.  in  length  to  37.6»  micra  in  one  25  mm.  and 
35.6,  in  one  28  mm.  in  length.  This  reduction  in  diameter  may 
be  due  somewhat  to  the  decrease  in  the  size  of  the  lumen,  but  is 
caused  mainly  by  the  actual  decrease  in  the  number  of  cells 
surrounding  the  lumen  at  any  one  plane.  The  process  is  a  con- 
tinuous one  after  anastomosis  is  established,  but  is  more  rapid 
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at  first,  dropping  from  an  average  of  12.5  in  aD  embryo  of  15  mm. 
to  7  in  one  of  28  mm.  I  think  that  this  rapid  and  early  reduction 
is  due  to  the  stretching  of  the  tubules  caused  by  the  dilatation 
of  the  mnusoids  among  them.  The  tubules  are  attached  to  each 
other  and  to  the  mesothelial  wall  of  the  Uver  by  strands  of  mesen- 
chyma  which  may  aid  in  tiie  process  by  pulling  upon  the  cylinders 
as  the  mesothelial  wall  is  rapidly  stretched  in  all  directions. 
These  mesenchymal  strands  can  be  seen  in  figure  43  of  the  liver 
of  an  embryo  20  mm.  long. 

After  the  embryo  reaches  a  lei^h  of  from  28  to  30  mm.  the 
hepatic  cylinders  a^ain  be^  to  increase  in  size.  They  rise 
rapidly  in  diameter  from  an  average  of  35.6  micra  in  an  embryo 
28  mm.  long  to  46  micra  in  an  embryo  of  50  mm.  and  54  micra 
in  an  embryo  of  95  mm.  This  growth  is  still  noticeable  in  an 
embryo  of  220  mm.  in  which,  however,  the  cells  were  too  col- 
lapsed to  admit  of  accurate  measurement.  While  the  diameter 
of  the  tubules  increases,  the  size  of  the  lumen  and  the  number 
of  cells  surrounding  it  at  any  given  plane  as  steadily  decreases. 
Thus  the  average  number  of  cells  seen  in  cross  section  of  a  cylinder 
at  25  mm.  is  8,  at  50  mm.  4.6,  and  at  95  mm.  3.7.  This  indi- 
cates that  the  increase  in  size  of  the  cylinder  is  due  to  the  growth 
of  the  individual  cells  forming  it  and  not  to  their  multiplication, 
as  is  the  early  increase  in  size  found  in  embryos  from  13  to  16  mm: 
long. 

Almost  all  this  growth  is  due  to  the  deposition  of  fat  in  the 
hepatic  cells,  the  nuclei  of  which  remain  stationary  or  actually 
decrease  in  size.  While  the  cells  begin  to  increase  in  size  even 
when  the  cylinders  are  becoming  reduced  in  caliber,  due  to  factors 
already  mentioned,  this  growth  is  not  sufficient  to  make  up  for 
the  reduction  until  the  embryo  reaches  a  length  of  more  than 
30  mm. 

The  thick  sections  illustrated  in  figures  40,  41  and  42  show 
graphically  some  of  the  changes  just  described.  Figure  40  is 
a  section  of  a  liver  in  which  the  process  of  anastomosis  is  well 
under  way.  It  shows  the  large  size  and  irregular  caUber  of  both 
the  cylinders  and  their  lumina.  Figure  41  is  from  a  specimen 
in  which  the  hepatic  sinusoids  have  nearly  reached  their  highest 
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development  and  in  which  the  cyhnders  are  reduced  to  slender 
tubes.  Figure  42  is  from  a  somewhat  older  specimen  in  which 
the  cylinders  have  again  begun  to  increase  in  diameter.  The 
changes  in  the  number  of  cells  surrounding  the  lumen  of  the 
cylinder  in  cross  section  are  shown  in  the  four  figures  fnrming 
plate  3. 

My  remarks  upon  the  changes  in  the  finer  structure  of  the 
hepatic  cells  can  be  regarded  as  little  more  than  notes  made  in 
the  coiirse  of  the  general  study  of  the  growth  of  the  cylinders. 

During  the  development  of  the  hepatic  tubules  and  cylinders, 
the  nuclei  of  the  cells  forming  them  are  modified  in  shape,  size 
and  structure.  At  the  time  when  the  tubtlle  ridges  first  appear 
upon  the  hepatic  pouches  the  hepatic  nuclei  are  elongately  oval 
in  outline,  their  longer  axes  averaging  from  14  to  15  micra  and 
their  lesser  axes  from  one-third  to  one-half  of  this  length  (fig.  28).* 
With  the  definite  outpouching  of  the  hepatic  tubules  the  nuclei 
become  broader  and  shorter,  but  their  volume  remains  practi- 
cally unchanged  (figs.  29,  30).  In  an  embryo  10  mm.  in  length 
(S.C.  20)  from  which  tubules  have  been  described  and  figured 
in  the  preceding  part  of  this  paper,  the  hepatic  nuclei  average 
8  micra  in  diameter  and  11  micra  in  length.  Anastomosis  has 
apparently  no  effect  upon  either  the  size  or  structure  of  the  nuclei. 
In  embryos  from  10  to  20  mm.  long  one  can  follow  the  change 
in  shape  of  the  majority  of  the  nuclei  from  broadly  oval  to  spheri- 
cal bodies.  In  a  20.6  mm.  embryo  (H.E.C.  1494,  fig.  32)  the 
great  majority  of  the  nuclei  are  spherical  and  have  a  diameter 
of  10  micra.  Thereafter  they  gradually  decrease  in  size  even  as 
the  cells  grow  in  size  through  an  increase  in  fat  content.  In  an 
embryo  47.3  mm.  long  (S.C.  11)  the  average  diameter  of  the 
nuclei  is  7.5  micra  and  in  one  of  95  mm.  (H.E.C.  1882)  it  is  little 
if  any  less.  As  the  fat  accumulates  in  the  liver  cells  the  nuclei 
may  again  change  in  shape,  being  in  many  cases  pressed  against 
the  margin  of  the  cell  and  assuming  an  oval  or  crescentic  outline 
su^esting  the  form  of  the  nuclei  foimd  in  true  fat  cells.  The 
nuclei  which  remain  spherical  have  an  average  diameter  of  7 
micra  or  a  Uttle  less  (in  embryos  200-240  mm.  long). 

*  All  meaaurements  given  here  were  made  from  paraffin  sections. 
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In  early  stages  the  nucleus  is  always  in  the  basal  portion  of  the 
cell.  After  anastomosis  they  are  found  more  centrally  located. 
In  later  stages  they  are  found  scattered,  sometimes  in  the  center  of 
the  cell  surrounded  with  a  film  of  protoplasm  from  which  threads 
extend  to  the  cell  periphery;  often  close  to  the  lumen  wall  of  the 
cell  and  sometimes  near  some  other  point  in  its  periphery. 

Before  the  tubule  anlagen  appear  the  hepatic  nuclei  contain 
one,  two  or  three  large  masses  of  chromatin  which  surround 
nucleoli  and  are  generally  applied  closely  to  the  nucleus  wall. 
These  chromatin  masses  are  round  or  oval  in  shape  and  smooth 
in  outline  except  for  one  or  two  small  chromatin  threads  which 
may  extend  outward  from  each  mass.  The  remaining  space  of 
the  nucleus  is  filled  with  a  clear  nuclear  sap  through  which  run 
a  few  delicate  and  faintly  staining  fibrils.  Such  nuclei  are 
characteristic  of  the  young  Acanthias  embryo  being  found  also 
in  the  cells  of  the  mesenchyma,  mesothelium,  walls  of  the  medul- 
lary canal  and  in  the  mesonephric  tubules  and  duct.  Those  of 
the  mesenchyma  have  been  fully  described  by  McGill  ('10) 
in  a  study  of  the  development  of  the  striated  muscle  of  the 
oesophagus  in  the  dogfish.  The  figures  in  Neal's  ('14)  recent 
work  illustrate  the  similar  structure  of  the  nuclei  in  the  nervous 
system.  Figure  28  shows  the  structure  of  a  number  of  these 
nuclei  stained  with  iron-hematoxylin.  As  the  hepatic  cells  are 
differentiated  the  chromatin  masses  above  mentioned  become 
more  irregular  and  there  are  given  off  from  them  a  number  of 
chromatin  strands  which  eventually  form  a  coarse  network. 
The  chromatin  ma^es  are  reduced  in  size  and  may  become 
detached  from  the  nuclear  wall.  They  also  may  be  somewhat 
broken  up  and  present  a  granular  appearance.  On  the  other 
hand,  the  chromatin  threads  which  have  originated  from  them 
may  fuse  forming  secondary  and  generally  smaller  karyosomes 
which  do  not  surroimd  nucleoli.  These  chimges  are  shown  in 
figures  31  to  34,  38  and  39.  The  adult  hepatic  nucleus  is  rich  in 
chromatin  which  is  arranged  in  a  coarse  network  containing 
several  karyosomes  some  of  which  are  probably  the  remains  of 
the  or^nal  ones  and  some  of  which  are  the  result  of  secondary 
abrogation  of  chromatin  granules  from  the  chromatin  threads. 
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Most  of  these  karyosomes  are  applied  to  the  nuclear  wall.  The 
hepatic  cell  retains  the  typical  embryonic  nuclear  structure 
much  longer  than  do  the  cella  of  the  mesenchyma,  mesotbeliiun, 
nervous  system  or  urogenital  system.  This  typical  embryonic 
structure  is  lost  first  in  the  cells  forming  the  gall  bladder  and 
major  hepatic  ducts,  nest  in  the  minor  hepatic  ducts  which  are 
formed  from  cylinders  already  well  started  upon  a  development 
towards  typical  h^>atic  parenchyma,  and  finally  from  the  hepatic 
cells  proper. 

As  has  been  remarked,  fat  droplets  as  indicated  by  vacuoles 
in  the  protoplasm  of  the  hepatic  cella  appear,  when  the  embryos 
obtain  a  length  of  about  25  mm.  The  use  of  special  rei^ents 
would  no  doubt  demonstrate  the  presence  of  fat  prior  to  this 
stage.  The  droplets  are  found  at  first  at  the  base  of  the  cell,  but 
later,  in  embryos  65  to-  95  mm.  long,  droplets  are  found  scattered 
through  the  entire  cell  body  reducing  the  protoplasm  to  the 
network  which  has  been  described  for  the  adult  hepatic  cell  of 
selachians  by  Shore  and  Jones  ('89)  and  PiUiet  ('90). 

In  Acanthias  embryos  about  30  mm.  loi^  the  gall  bladder 
begins  to  press  against  the  hepatic  tissue  which  lies  on  either 
side  and  above  it.  This  process  is  probably  brought  about  by 
the  great  growth  of  the  internal  yolk-sac  which  Ues  below  the 
gall  bladder.  This  pressure  of  the  gall  bladder  causes  some 
degeneration  of  the  hepatic  tissue  immediately  surrounding  it. 
Toldt  and  Zuckerkandl  ('78)  have  described  a  similar  process  In 
the  human  embryo. 

S.  Development  of  the  hepatic  tubules  in  other  forms  of  selachians 

The  development  of  the  hepatic  tubules  in  Torpedo,  Raia 
and  Mustelus  differs  somewhat  from  that  of  Acanthias.  In 
these  forms  the  lateral  hepatic  pouches  do  not  reach  the  great 
development  found  in  Acanthias  and  tubules  are  formed  from 
these  structures  at  a  comparatively  earlier  stage.  The  omphalo- 
mesenteric veins  are  somewhat  larger  than  in  Acanthias  and  at 
the  time  when  the  individual  hepatic  tubules  develop  veinous 
channels  are  found  both  medial  and  lateral  to  the  hepatic  pouches. 
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The  tubules  which  are  formed  from  the  dorsal  parts  of  the  pouches 
and  of  the  pt^s  hepatica  medlalis  arise  singly  or  in  small  clusters 
as  do  those  in  the  same  situation  in  Acanthias,  but  in  the  forms 
under  discussion  the  dorsal  or  marginal  tubules  form  a  much 
greater  part  of  the  whole  number  produced  than  is  the  case  in 
Acanthias.  In  Torpedo  and  in  Mustelus  the  tubules  from  the 
ventral  portion  of  the  lateral  pouches  arise  as  in  Acuithias  from 
tubule  ri(^^.  These  ridges  are  but  slightly  elevated  and  the 
corresponding  grooves  on  the  internal  surfaces  of  the  pouches 
are  wide  and  shallow.  The  individual  tubules  which  form  from 
these  ridges  do  not  remain  as  mound-like  structures  arranged  in 
rows  but  grow  out  ahnostat  once  and  like  the  dorsal  tubulesappear 
as  slender  tubes  extending  outward  between  the  veinous  sprouts. 
In  most  cases  the  hepatic  tubules  which  are  &Tst  formed  come  in 
contact  with  the  splanchnic  mesotheUum  covering  the  liver. 

The  omphalo-mesenteric  veins  in  these  forms  increase  in  size 
very  rapidly  and  before  tubule  formation  has  progressed  very 
far  the  anterior,  ventral  and  lateral  surfaces  of  the  Uver  pouch 
are  practically  surrounded  by  a  venous  lake.  All  tubules  which 
arise  after  this  period  project  into  this  sinus  and  in  their  growth 
they  push  its  endothelial  wall  before  them.  This  process  is 
illustrated  in  figure  44,  which  is  of  a  thick  frontal  section  of  the 
liver  of  an  embryo  of  Mustelus  canis  approximately  12  mm.  long. 
The  number  of  tubtiles  arising  directly  from  the  pouch  walls  b 
small  in  these  forms  as  compared  with  Acanthias  for  the  surface 
area  of  the  pouches  is  much  reduced  from  the  first.  The  large 
majority  of  the  later  tubi^les  is  formed  by  the  branching  of  the 
earlier  ones. 

In  Acanthias  the  hepatic  tubules  in  the  earlier  period  of  their 
development  are  short,  broad  and  pouch-like  and  the  branches 
which  arise  from  them  are  nipple-like  projections.  In  the  other 
forms  studied  both  the  primary  and  secondary  tubules  are  slender 
elongated  tubes  which  are  early  united  in  a  complex  branching 
and  anastomosing  network,  the  meshes  of  which  are  separated 
by  sinusoids  of  lai^e  size.  Figure  44  shows  an  anastomosis  of  a 
young  hepatic  tubule  in  Mustelus,  and  figure  45  of  a  Mmilar 
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section  of  an  embryo  about  4  mm.  longer  of  the  same  species 
shows  the  complete  estabhshmeut  of  the  hepatic  network. 

While  the  early  tubules  of  Rata,  Mustelus  and  Torpedo  are 
smaller  in  cross-section  than  are  those  of  Acanthias,  the  lumma 
of  these  tubules  are  considerably  larger.  The  cells  lining  the 
lumioa  are  cubical  or  low  columnar  in  outline  as  compared  with 
the  high  columnar  type  found  in  Acanthias.  The  nuclear  struc- 
ture is  quite  similar  to  that  of  the  hepatic  cells  in  Acanthias,  the 
chromatin  covered  nucleoli  described  for  that  form  being  par- 
ticularly prominent  in  Torpedo  and  Mustelus. 

The  later  history  of  the  cylinders  is  quite  similar  to  that  of 
Acanthias.  The  cylinders  rapidly  increase  in  diameter  and  the 
contained  lumina  become  smaller.  The  increase  in  diameter 
of  the  cylinders  is  due,  as  in  Acanthias,  to  the  growth  of  the 
individual  cells,  and  the  number  of  cells  about  the  lumen  in 
any  given  section  steadily  decreases.  The  nuclear  changes  are 
similar  to  those  found  in  Acanthias.  In  such  specimens  of  Mus- 
telus and  Squatina  as  I  have  examined  the  fat  contained  in  hepatic 
cells  remains  in  discrete  droplets  instead  of  forming  one  large 
mass  as  is  generally  the  case  in  Acanthias.  The  same  is  true  to 
some  extent  of  Torpedo  (fig.  36). 

PiUiet  ('90)  has  described  areas  of  comparatively  undiffer«iti- 
ated  cells  in  the  adult  selachian  hver.  These  cells  form  the 
portions  of  the  cylinders  which  he  about  the  hepatic-portal  veins. 
They  are  of  comparatively  small  Mze  and  contain  centrally 
placed  nuclei  which  stain  deeply  with  alum-carmin.  The  fat 
content  of  the  cells  is  less  than  of  tho^  cells  located  elsewhere, 
and  particularly  of  those  lying  in  the  neighborhood  of  the  hepatic 
v^ns.  Pilliet  regards  these  smaller  cells  as  reserves  or  nesta  of 
youi^  cells  which,  from  their  position  near  the  nourishing  vessels, 
contribute  to  the  growth  of  the  organ.  Apparently  he  did  not 
find  them  in  all  the  specunens  which  he  examined. 

I  have  seen  no  evidence  of  a  retardment  of  the  differentiation 
of  the  cells  near  the  hepatic-portal  veins  in  Acanthias  embryos, 
and  if  such  occurs  it  must  be  at  a  late  period  m  the  development 
of  the  organ.  There  are  numerous  small  cells  in  the  immediate 
neighborhood  of  the  hepatic-portal  vessels,  but  they  all  form 
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portioDB  of  Hie  tenninal  bile  ducts,  the  development  of  which 
will  be  described  in  a  later  part  of  this  paper.  Such  embryos  of 
Torpedo  as  I  have  examined  agree  with  Acanthias  in  lack  of 
any  definite  nests  or  reserves  of  tmdifferentiated  cells  about 
the  hepatic-portal  veins.  In  well  advanced  Mustelus  embryos, 
however,  the  hepatic  cells  which  surround  the  larger  branches 
of  the  hepatic^>ortal  veins  do  remain  somewhat  smaller  than  those 
of  the  remainder  of  the  hver  and  are  not  so  completely  chained 
with  fat. 

In  summary  it  may  be  said  that  the  chief  difFerences  between 
the  two  types  of  selachian  liver,  that  represented  by  Acanthias 
and  that  by  the  several  other  forms  mentioned,  lies  almost  en- 
tirely in  the  earlier  stages.  These  differences  seem  to  be  depend- 
ent on  the  difference  in  the  size  and  arrangement  of  the  omphalo- 
mesenteric veins  at  the  time  of  the  formation  of  the  hepatic 
tubules. 

DEVELOPMENT  OF  THE  MINOR  RAMI  OF  THE  HEPATIC  DUCTS 

The  formation  of  the  minor  rami  of  the  hepatic  ducts  is  closely 
associated  with  the  history  of  the  hepatic  cylinders.  In  a  pre- 
ceding publication  (Scammon  '13)  it  was  stated  that  aU  of  the 
major  and  some  of  the  minor  rami  of  the  hepatic  ducts  arise  from 
the  constricted  bases  of  certain  fairly  definitely  placed  clusters 
of  hepatic  tubules.  In  following  the  history  of  these  tubule 
clusters  it  was  fotmd  that  they  become  separated  from  the 
hepatic  pouch  from  which  they  arise  by  a  broad  and  rather  in- 
definite peduncle  which  is  .at  first  hardly  more  than  an  extension 
of  the  pouch  wall.  Later  this  peduncle  becomes  constricted  and 
elongated,  forming  a  small  branch  from  the  pouch  which  by  this 
time  is  transformed  into  a  segment  of  the  hepatic  duct.  This 
developm^it  begins  before  tubule  anastomosis  gets  fairly  tmder 
way  and  continues  at  the  time  when  anastomoses  are  taking 
place.  No  new  major  rami  arise  as  outpouchings  alter  anastomo- 
sis is  established  and  aside  from  the  actual  lengthening  of  already 
established  rami,  which  is  not  great,  all  further  growth  of  these 
structures  takes  place  by  the  transformation  of  pre-existent 
hepatic  tubules  into  ducts. 
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This  illustrates  well  the  two  methods  of  hepatic  duct  formation. 
The  first  and  more  primitive  type  is  that  suggested  by  Minot 
('93,  p.  763)  in  which  the  duct  is  the  result  of  a  direct  outpouch- 
ing of  the  wall  of  the  hepatic  diverticulum.  In  the  second  and 
specialized  type  the  duct  is  produced  by  the  transformation  of 
portions  of  the  network  of  hepatic  cylinders.  Selachians  clearly 
stand  near  the  bottom  of  the  scale  in  this  phase  of  development. 
Here  the  ductus  choledochus,  the  hepatic  ducts  and  their  major 
rami  arise  as  outpouchings  and  only  the  minor  rami  and  the  most 
distal  portions  of  the  major  ones  are  of  trabeculax  origin.  In 
ganoids,  amphibians,  reptiles  and  birds  the  ductus  choledochus 
and  the  proximal  part,  at  least,  of  the  hepatic  ducts  are  formed  by 
outpouching  and  the  remainder  of  the  duct  system  from  tra- 
beculae.  In  the  mammals  apparently  'the  ductus  choledochus 
alone  is  the  result  of  an  outpouching,  but  further  investigation 
may  change  this  conception. 

The  differentiation  of  hepatic  cylinders  into  bile'ducts  is  very 
closely  associated  with  their  relations  to  tie  blood  vessels.  Bile 
ducts  are  only  formed  from  cylinders  which  are  in  contact  with 
the  main  trunks  of  the  hepatic-portal  veins  or  their  larger  and 
more  definite  branches.  Still  more  striking  is  the  fact  that  the 
side  of  the  Cylinder  towards  the  ve^els  precedes  in  a  very  marked 
degree  the  differentiation  of  the  opposite  side  and  in  fact  in  the 
smallest  ducts  the  cells  of  the  opposite  side  of  the  cylinder  may- 
never  be  transformed  into  duct  epithelium  at  all  but  complete 
the  ordinary  development  of  true  hepatic  cells.  Such  a  terminal 
duct  from  the  Uver  of  an  embryo  95  mm.  in  length  is  shown  in 
figure  37.  On  the  other  hand,  of  the  many  cylinders  which 
closely  surround  the  vascular  trunk  only  a  very  small  percentage 
is  transformed  into  ducts.  The  development  of  the  minor 
ducts  is  extremely  small  in  proportion  to  the  amount  of  hepatic 
parenchyma,  smaller,  I  think,  than  in  any  other  group  of  verte- 
brates. There  is  absolutely  no  indication  of  any  system  of 
intercalated   ducts. 

In  the  differentiation  of  a  hepatic  cylinder  into  a  bile  duct  the 
former  first  approaches  more  nearly  a  perfect  circle  in  cross 
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section  and  the  lumen  distinctly  enlarges.  The  cells  on  the 
vascular  side  of  the  lumen  are  reduced  in  actual  height  but  be- 
come more  columnar  in  form  because  of  the  still  greater  reduction 
of  the  size  of  their  bases.  At  the  same  time  the  nuclei  which 
in  hepatic  cylinders  are  round  or  broadly  oval  in  section  and  lie 
near  iiie  center  of  the  cells  become  eloi^ately  oval  in  outline  and 
tend  to  retreat  to  the  bases  of  the  cells.  The  cells  are  so  di- 
minished in  size  that  the  nuclei  which  increase  little,  if  any,  in 
bulk  almost  fill  them.  The  nuclei  lose  their  typical  structure 
of  a  clear  karyoplasm  containing  one  or  two  large  chromatin 
masses  from  which  radiate  chromatin  threads  and  present  in- 
stead a  reticular  chromatin  network  made  up  of  evenly  distrib- 
uted granules  of  about  the  same  size.  The  protoplasm  becomes 
homogeneous  and  colors  darkly  with  plasma  stains.  An  example 
of  such  a  developing  duct  at  an  early  stage  is  shown  in  figure  39. 
Approximately  one-third  of  the  duct  which  abuts  upon  a  blood 
vessel  shows  coi^iderable  progress  in  differentiation,  while  the 
cells  of  the  segment  opposite  it  are  true  hepatic  cells.  Betr^een 
the  two  are  zones  of  transitional  cells.  To  the  side  of  this  duct  is 
a  smaller  one  in  still  an  earlier  stage  of  differentiation.  The  out- 
line sketch  shown  in  figure  5  illustrates  the  changes  in  shape  of 
the  hepatic  cells  at  the  time  of  duct  formation. 

The  cells  of  the  large  hepatic  ducts  which  are  formed  from  the 
hepatic  pouches  and  their  evf^nations  show  much  the  same 
steps  in  cytomorphosis  as  do  those  just  described.  The  nuclei 
of  the  larger  ducts,  however,  are  oval  at  the  start  and  so  undergo 
no  changes  in  form,  but  the  change  in  chromatin  arrangement 
is  the  same  as  in  the  minor  ducts.  In  the  gall  bladder  the  same 
changes  also  take  place  but  at  a  late  stage  (60-SO  mm.)  the 
nuclei  again  become  circular  in  cross  section  and  come  to  occupy 
the  centers  of  the  cells  which  are  much  elongated. 

It  is  sometimes  stated  that  the  bile  duct  epithelium  is  formed 
of  cells  of  a  more  primitive  type  than  those  of  the  cylinders  or 
trabeculae.  In  the  forms  xmder  discussion,  however,  the  bile 
duct  cells  have  departed  farther  from  the  embryonic  type  than 
the  parencyhmal  cells,  if  we  may  judge  by  their  nuclear  structure. 
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Pig.  S  Minor  hepatic  duct  with  comteeting  hepatic  cylindera  from  the  Tnjtfjiaw 
lobe  of  the  liver  of  an  Acanthiaa  embryo  37  mm.  long  (H.£.C.  353).  X  400. 
Lumina  of  hepatic  duct  and  cylinders  solid  black;  hepatic  cells  in  stippled  outline; 
sinusoids,  S,  in  unbroken  outline. 

DEVELOPMENT  OF  THE  HEPATIC  MESENCHYMA 

It  is  well  known  that  the  mesenchymal  tissue  of  the  selachian 
liver,  is  extremely  scanty  in  the  emhryo  although  fairly  abund- 
ant  around  the  blood  vessels  in  the  adult.  No  particular  study 
has  been  made  of  its  oi^in,  but  Minot  ('01)  in  his  study  oi 
sinusoids,  and  more  recently  Debeyre  ('09)  In  followiog  the  de- 
velopment of  the  hepatic  cylinders,  have  noted  the  occasional 
delamiuation  of  mesenchymal  cells  from  the  mesotbelium  cov^- 
iDg  the  hver  and  the  presence  of  such  elements  aloi^  the  walls 
of  the  hepatic  sinuses.  Debeyre  also  figures  a  cross  section  of  a 
small  portion  of  the  periphery  of  the  liver  of  an  Acanthias  embryo 
30  mm.  long,  which  shows  small  spurs  of  mesenchymal  tissue 
extending  inward  from  the  mesothelium  between  the  hepatic 


Digitized  by  Google 


HISTOGENESIS   OF  THE   LIVER  273 

cylinders.  The  origin  of  the  hepatic  mesenchyma  can  be  followed 
with  little  difficulty  in  Acanthias.  Here  it  appears  that  this 
material  is  probably  derived  completely  from  the  mesothelium 
but  at  two  distiDct  periods  and  from  two  different  regions,  and 
that  in  both  cases  this  proliferation  is  associated  with  distinct 
irregularities  of  splanchnic  mesothelium. 

The  first  mesenchymal  proliferation  appears  at  a  little  later 
time  than  the  formation  of  the  stroma  of  that  portioD  of  the  gut 
which  lies  posterior  to  the  liver.  In  Acanthias  embryos  5  mm. 
in  length  the  liver  pouch  is  but  slightly  differentiated  and  con- 
sists of  two  shallow  diverticula  which  lie  in  the  lateral  walls  of 
the  archenteron  and  are  fused  anteriorly  to  form  the  median 
hepatic  pouch.  The  irchenteron  of  this  region  is  clothed  on 
either  side  by  a  layer  of  splanchnic  mesoderm  which  is  continuous 
above  with  the  radix  mesenterica  and  below  with  the  splanchnic 
layer  of  the  blastoderm.  At  the  radix  this  layer  is  much  thickened 
but  it  is  reduced  to  a  moderately  thin  layer  over  the  sides  of  the 
archenteron.  The  irregular  endothelial  walls  of  the  omphalo- 
mesenteric veins  intervene  between  the  ventral  part  of  the 
archenteron  and  the  mesothelium,  but  no  mesenchyma  is  present. 
Irregular  processes  from  the  mesothelium,  however,  do  extend 
inward  and  in  places  it  appears  as  though  cells  were  about  to 
be  detaminated.  A  short  time  later  the  hepatic  pouch  increases 
much  in  size  and  extends  anteriorly  far  in  front  of  the  anterior 
intestinal  portal.  With  this  change  the  ventral  parts  of  the 
investing  layers  of  splanchnic  mesothelium  are  brought  in  con- 
tact and  eventually  fuse,  thus  forming  for  some  time  a  ventral 
mesentery.  In  connection  with  this  process  there  appear  two 
distinct  sets  of  mesothelial  irregularities.  These  consist  of  the 
mesothelial  villi  on  the  right  side  and  of  numerous  irregular  folds 
on  the  left. 

The  mesothelial  villi  found  in  connection  with  the  covering 
of  the  selachian  liver  were  first  described  by  Choronshitzky  C'OO), 
although  they  were  observed  in  other  forms  loi^  before  that 
time.  Hochstetter  ('00)  has  given  their  later  history  in  Acanthias 
in  connection  with  his  study  of  the  formation  of  the  septum 
transversum.    As  Hochstetter  has  stated,  these  structures  are 
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found  only  on  the  r^^ht  side.  They  appear  in  embryos  of 
45  to  30  s^ments  as  a  thickened  plate  of  the  mesotheliiun 
overljdng  the  right  omphalo-mesenteric  vein  (fig.  6  A).  This 
plate  is  soon  thrown  into  a  series  of  pouch  like  irregularities,  and 
the  spaces  thus  formed  are  filled  with  a  delicate  network  of 
protoplasmic  processes  from  the  mesothelial  cells.  The  cores 
of  the  villi  are  thus  at  no  time  really  empty,  and  are  soon  occupied 
by  delaminated  mesenchymal  cells.  From  the  bases  of  these 
villi  mesenchymal  cells  are  proliferated  apparently  both  from  the 
walls  and  the  mesenchymal  core,  and  soon  come  to  form  a  small 
mass  on  the  right  side  lying  just  below  the  omphalo-mesenteric 
vein.  On  the  opposite  side  the  irregularities  are  not  villi  but 
longitudinal  folds.  Unlike  villi  they  do  not  arise  from  a  thickened 
plate,  the  mesothelium  at  this  point  remaining  as  thin  as  else- 
where at  the  time  of  formation.  Afterward  the  cells  become 
more  columnar  and  a  mass  of  mesenchyma,  larger  but  similar 
in  other  respects  to  that  of  the  opposite  side,  is  proliferated  and 
underlies  the  left  omphalo-mesenteric  vein.  Figure  7  shows 
the  position  and  extent  of  these  two  mesenchymal  proliferations 
in  an  embryo  7.5  mm.  long  (H.E.C.  1496).  Soon  after  this 
stage  the  ventral  mesentery  breaks  down  and  the  ventral  surface 
of  the  liver  is  free  throughout  its  extent.  With  this  process 
there  is  a  delamination  of  mesenchymal  cells  along  the  median 
ventral  line  which  unites  the  lateral  ones  already  described,  and 
there  is  thus  formed  a  general  ventral  bed  of  mesenchyma  which, 
as  growth  proceeds,  forms  a  coating  about  the  gall  bladder  and 
constitutes  a  large  loose-meshed  mass  which  extends  forward 
from  the  gall  bladder  to  the  anterior  mesothelial  wall  of  the 
Uver. 

This  constitutes  the  first  and  ventral  contribution  of  mesen- 
chyma to  the  liver  from  its  mesotheUal  envelope.  In  its  entire 
extent  it  produced  the  mesenchyma  which  surroxmds  the  gall 
bladder,  and  later  the  vessels  adjacent  to  it,  the  covering  of  the 
cystic  duct,  and  to  an  undeterminable  degree  the  sparse  mesen- 
chymal tissue  of  the  lower  part  of  the  hepatic  parenchyma. 
The  irregularities  of  the  mesothelium  on  the  right  side  do  not 
continue  for  any  great  period.     By  the  time  the  embryo  reaches 
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Fig.  6  A  aeries  of  transverse  sections  of  liver  anlagen  of  Acanthiae  embiyoa 
of  different  ages.  The  meaotheliumiB  represented  in  solid  black,  the  mesenchyma 
in  coarse  stipple  and  the  entodermal  structures  in  outline;  the  btood-vesBels  are 
omitted.  A,  embryo  6.4  mm.  long  (8.C,  19);  B,  embryo  9  nun.  long  (H.E.C. 
1495);  C,  embryo  10  mm.  long  (C.S.  20);  D,  embryo  15  mm.  long  (H.E.C.  1494); 
B,  embryo  20.6  mm,  long  (H.E.C.  1494) ;  all  X  50. 
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a  lei^h  of  15  mm.  the  mesothelium  is  smooth  and  much  reduced 
in  thickness.  When  the  embryo  reaches  a  length  of  18  mm.  the 
villi  are  reduced  to  small  conical  projections  and  are  absent  in 
embryos  of  20  mm.  Thereafter  the  mesotheUum  covering  the 
vCTitral  part  of  the  liver  on  both  aides  becomes  steadily  reduced 
in  thickness,  and  in  embryos  of  25  ram.  and  longer  it  is  an  ex- 
ceedingly thin  layer  of  squamous  epithelimn. 

The  second  and  dorsal  mesenchymal  proliferation  begins  at  a 
later  stage  than  does  the  ventral  one.  In  an  embryo  6.4  mm.  in 
lei^h  (S.C.  19)  (fig.  6  A)  the  dorsal  portion  of  the  mesothelium 
is  seen  to  be  slightly  thinner  than  that  of  the  ventral  zone.  As 
the  lateral  pouches  of  the  liver  are  pushed  upward,  the  omphalo- 
mesenteric veins  come  to  lie  mainly  dorsal  to  these  structures 
and  the  mesotheUum  over  them  is  gradually  thickened.  This 
thickenii^  is  most  noticeable  at  the  lateral  mai^ns  of  the  dorsal 
surface  (fig  6B).  Soon  after,  in  embryos  of  10  to  12  mm.,  the 
mesothelium  of  this  region  becomes  distinctly  thickened  in  places 
and  is  invaginated  forming  tubules  the  walls  of  which  are  continu- 
ous with  the  splanchnic  mesothelium  and  the  liunina  with  the  coe- 
lomio  cavity  (fig.  6  C  and  fig.  7) .  Often  these  tubules  first  appear 
as  long  trenches  on  the  coelomic  surface  of  the  mesothelium. 
The  sides  of  these  trenches  coalesce,  thus  roofing  over  the  de- 
pression and  formii^  tubules  which  open  into  the  coelom  at  both 
ends.  Other  tubules  grow  in  and  end  blindly.  Examples  of 
these  early  tubules  are  shown  in  figure  8.  Although  fairly 
regular  at  the  start,  these  structures  soon  become  irr^ular  in 
caliber  and  form,  and  very  often  anastomose.  Their  lumina 
may  be  occluded  in  places  thus  forming  mesothelial  cysts  which 
are  generally  connected  by  solid  stalks  with  the  covering  meso- 
thelium. At  the  time  of  their  highest  development  the  tubules 
form  an  anastomotic  network  which  fills  the  dorsal  fifth  of  the 
anterior  part  of  the  Uver  and  they  are  then  easily  mistaken  at 
first  sight  for  true  hepatic  tubules  (fig.  6D).  More  careful 
study  shows  a  number  of  differences  between  the  two  structures. 
Aside  from  the  nuclear  differences  to  be  mentioned  later,  the 
mesothelial  tubules  are  more  irregular  than  the  hepatic  cylinders, 
their  walls  are  thinner  both  actually  and  relatively  as  compared 
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to  their  lumina,  the  cells  are  more  columnar  and  there  is  do 
definite  external  cuticula  as  there  seems  to  be  in  the  hepatic 
cells  at  this  time.  The  cytoplasm  of  the  cells  is  also  more  granu- 
lar.   The  mesothelial  tubiiles  may  extend  downward  and  come 


Fig,  7  Tr&naverae  section  through  the  anterior  part  of  the  anlage  of  the 
liver  of  an  Acanthias  embryo  7.5  mm.  long  (H.E.C.  1496).  X  400.  B,  tangential 
section  of  the  mesothelial  wall  surrounding  radicle  of  the  left  omphalo-meseateric 
vein;  Ji.ftep.p.,  median  hepatic  pouch;  M.v.,  mesothelial  villus;  V.L,  leftomphalo 
mc8ei)te;ic  vein;  V.r,,  right  omphalo-mesenteric  vein; X, proliferated mesenchyma. 

in  contact  with  the  hepatic  cylinders,  but  generally  they  are 
replaced  in  this  region  by  cords  of  mesenchymal  celU.  Figure  9 
is  a  cross-section  of  a  portion  of  the  liver  of  an  Acanthias  embryo 
15  mm.  in  length  (H.E.C.  227)  showing  these  tubules  (Afcs.i.)  in 
the  highest  state  of  development. 
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Fig.  8  TransTCTse  section  of  the  mesothelial  coTering  of  the  dorso-lat«ral 
margio  of  the  liver  of  an  Acanthiae  embryo  13.3  mm.  long  (S.C.  18}.  X  400. 
M.t;  mesothelial  tubules. 

Tig.  9  Transverse  section  of  the  dorsal  portion  of  the  liver  of  an  Acanthias 
«mbryo  15  mm.  long  (E.E.C.  227).  X  400.  H.t.,  hepatic  tubulea;  M.i.,  mesothe- 
lial tubules. 
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The  mesothelial  tubules  do  not  remain  long  as  such.  The 
lumina  ^e  soon  obliterated  and  the  solid  cords  thus  formed 
break  up  into  mesenchymal  strands.  Thb  process  b^ins  at 
the  inner  end  of  the  cords  and  can  be  seen  in  figure  9.  By  the 
time  the  embryo  reaches  a  length  of  23  to  25  mm.  the  cords  are 
.  entirely  replaced  by  such  mesenchymal  strands  which  run  in 
among  the  tubules  which  have  now  invaded  this  region  (fig.  38). 
At  28  to  30  mm.  even  these  strands  have  entirely  disappeared 
and  mesenchymal  cells  can  be  found  only  occasionally.  The 
formation  of  mesenchyma  by  tubular  ingrowths  of  mesothelium 
does  not  preclude  the  occasional  delamination  of  single  cells 
from  the  splanchnic  mesoderm  direct,  but  this  delamination 
contributes  but  little  to  the  total  of  the  hepatic  mesenchyma. 

The  nuclei  of  the  splanchnic  mesotheUum  in  embryos  5  or  6  mm. 
in  length,  before  mesenchymal  delamination  begins,  are  broadly 
oval  io  outline.  They  have  the  typical  structiure  which  is  found 
in  the  nuclei  of  most  of  the  tissues  at  this  time.  Each  nucleus 
contains  two  or  three  large  masses  staining  black  with  Heiden- 
hain's  hematoxylin.  Each  of  these  masses  consists  of  a  nucleolus 
surrounded  by  a  thick  layer  of  chromatin.  The  remainder  of 
the  nucleus  is  filled  with  a  clear  karyoplasm  witix  a  few  faint 
strands  of  chromatin.  These  nuclei  have  been  well  described  by 
McGill  ('10)  who  studied  the  mesenchyma  of  the  for^ut  r^on 
in  the  dogfish.  As  cells  are  delaminated  from  the  mesothelium 
and  as  the  mesothelial  tubules  are  broken  up  into  a  mesenchymal 
syncytium,  most  of  the  nucleoli  disappear  and  the  chromatin 
is  gradually  scattered  in  a  finely  divided  network.  Similar 
changes  t^e  place  in  the  nuclei  of  mesothelial  cells  but  at  a  later 
period.'  A  comparison  of  figures  7  and  38  will  show  the  two 
extremes  of  this  change.  Mitotic  figures  are  numerous  in  the 
mesotheUum  but  scarce  in  the  mesenchyma  derived  from  it. 

The  relation  of  the  mesothelial  tubules  to  the  sinusoids  is  of 
interest  in  the  light  of  Bremer's  ('14)  recent  work  on  the  earliest 
blood  vessels  in  man.  Bremer  found  mesothdial  cords  from  the 
extra-embryonic  coelome  connected  with  the  angiocysts  and 
sohd  cords  of  the  vascular  net  in  the  body  stalk,  and  he  suggests 
that  the  elements  of  the  vascular  net  arise  from  these  ingrowths. 
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I  have  not  found  that  the  cavities  in  the  mesothelial  tubules  or 
cysts  of  the  selachian  liver  connect  with  the  blood  spaces.  As 
the  wails  of  these  structures  break  up  into  mesenchymal  strands 
it  is  impossible  with  ordinary  section  and  staining  methods  to 
distingiush  between  them  and  the  endothelium  surroimding  the 
adjoining  sinusoids.  This  is  particularly  true  if  one  tries  to  follow 
the  mesenchymal  strands  which  penetrate  between  the  hepatic 
cylinders  in  later  stages  such  as  the  one  shown  in  figure  38. 
The  mesenchymal  and  endothelial  cells  form  free  anastomoses. 
McGill  ('10)  apparently  found  the  same  condition  in  a  much 
younger  embryo,  judging  from  figure  9  of  her  paper  with  which 
the  section  shown  in  my  figure  7  is  in  agreement. 

The  reduction  in  the  thickness  of  the  m^othelial  covering  of 
the  liver  and  the  disappearance  of  the  mesothelial  villi  is  no  doubt 
due  in  part  to  the  great  growth  of  the  contents  of  the  former, 
particularly  of  the  hepatic  cylinders  and  sinusoids.  This  in- 
crease takes  place  rather  suddenly  in  embryos  from  18  to  20  mm. 
in  length  and  the  reduction  in  the  thickness  of  the  meeothelium 
is  to  some  extent  coincident  with  it.  It  is  noticeable,  however, 
'  that  in  many  cases  when  a  hepatic  cylinder  comes  in'  contact 
with  the  covering  mesothelium  the  latter  layer  is  distinctly 
reduced  in  thickness,  its  constituent  cells  change  from  a  hi^ 
columnar  to  a  cuboidal  form  and  the  nuclei  from  oval  to  nearly 
spherical  bodies.  This  change  is  probably  not  due  to  pressure 
for  in  places  where  two  tubules  come  in  contact  with  the  meso- 
thelium and  are  separated  by  a  distance  hardly  equal  to  their 
own  diameter  the  mesothelium  becomes  thin  at  the  points  of 
contact  and  remains  thickened  over  the  small  intervening  portion. 
Were  the  effect  of  tubule  contact  only  a  matter  of  pressure,  one 
might  expect  some  fiattening  of  this  intervening  place  as  well. 
Also  the  mesothelium  is  not  pushed  outward  at  these  points  of 
contact  but  remains  on  a  level  with  the  surrounding  surface. 

One  is  tempted  to  suggest  the  homology  of  this  dorsal  mesen- 
ehyma-producing  mass  with  the  'Vorleber'  of  Kolliker  and  His. 
But  this  similarity  is  only  a  superficial  one  as  the  mass  just 
described  does  not  appear  until  after  the  liver  is  well  developed. 
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while  in  birds  and  mammals  the  'VorLeber'  is  a  precursor  of 
that  oi^an.  Also  the  selachian  mesenchymal  mass  lies  in  the 
dorsal  and  posterior  part  of  the  liver  along  its  free  upper  surface, 
while  the  'Vorleber'  lies  anteriorly  and  is  broadly  connected  with 
the  dorsal  wall  of  the  coelom.  Ziegler  ('88)  showed  long  ago  that 
the  mesenchyma  of  the  intestine  in  selachians  arose  from  two 
longitudinal  zones  of  proliferation  from  the  splanchnic  mesoderm. 
One  of  these  zones  lies  above  the  archenteron  and  the  other 


Fig.  10  A  compariaoD  of  Ziegler's  figure:  A,  of  the  meaeuchymal  tissue  in 
the  trunk  region  of  a  selachian  embryo  with  a  aemi-diagranunatic  figure;  B,  show- 
ing the  origin  of  the  mesenchyma  in  the  hepatic  region  of  an  Acanthias  embryo. 

ventral  to  it.  The  method  of  development  of  the  hepatic  mesen- 
chyma indicates  that  these  dorsal  and  ventral  zones  of  pro- 
liferation extend  forward  into  the  liver  region  as  well  and  remain 
distinct  for  a  considerable  period  even  after  the  liver  has  separated 
from  the  gut  above  it.  A  comparison  of  a  semi-diagrammatic 
figure  of  a  cross-section  through  the  hepatic  region  with  Ziegler's 
diagram  of  a  similar  section  through  the  middle  of  a  trunk  seg- 
ment shows  the  essential  agreement  in  the  origin  of  the  splanchnic 
mesenchyma  in  the  two  regions  (fig.  10). 


Digitized  by  Google 


282  RICHARD   E.   SCAUUON 

fflSTORY  OF  THE  HEPATIC  SINUSOIDS 

The  sinusoids  of  the  selachian  liver  are  most  striking  objects 
and  at  one  time  form  decidedly  more  than  half  of  the  entire  bulk 
of  the  organ.  Minot  ('00)  has  given  the  only  description  of  them 
which  is  at  all  complete  as  a  part  of  his  exposition  of  the  nature 
of  the  sinusoidal  circulation.  Brief  notes  are  also  to  be  found 
in  the  papers  of  Holm  ('97)  and  Deb^re  ('09).  The  general 
development  of  ttie  veins  of  Uie  liver  in  these  fishes  has  been 
studied  by  Rabl  ('92),  Hoffmann  ('93)  and  Hochstetter  ('93). 
The  early  development  of  the  omphalo-mesenterio  veins  has 
been  observed  in  detail  by  Mayer  ('87)  and  by  Ruckert  ('88). 
Therefore  I  shall  give  only  the  briefest  outline  of  the  general 
history  of  the  veins,  and  will  begin  with  the  conditions  found  in 
Acanthias  embryos  from  8  to  10  mm.  in  length.  In  such  embryos 
there  are  paired  omphalo-mesenteric  veins  extending  forward 
to  the  sinus  venosus  on  either  side  of  the  gut.  The  left  vein  is 
somewhat  larger  than  the  right.  At  first  the  right  and  left 
trunks  are  quite  separate  but  soon  they  form  two  anastomoses, 
one  posterior  to  the  pancreas  and  the  other,  a  little  later,  just 
posterior  to  the  liver  below  the  foregut.  From  the  latter  anasto- 
mosis the  veins  pass  forward  on  either  side  of  the  foregut  and 
medial  to  the  lateral  hepatic  pouches  until  they  reach  the  anterior 
end  of  the  liver  where  they  join  and  form  the  sinus  venosus. 
It  is  important  to  note  that  in  Acanthias  in  early  stages  only  the 
medial  surfaces  of  the  lateral  pouches  are  in  contact  with  vascular 
channels.  Ther6  are  no  vascular  channels  between  the  lateral 
surfaces  of  the  hepatic  pouches  and  the  mesothelium  covering 
them. 

Figure  11  A  shows  a  reconstruction  of  a  somewhat  later  stage 
in  which  important  changes  have  token  place.  Now  only  the 
left  omphalo-mesenteric  vein  passes  through  the  groove  between 
for^ut  and  lateral  hepatic  pouch  to  join  the  sinus  venosus.  The 
right  vessel  ends  blindly  anteriorly  and  is  connected  with  the  left 
by  the  large  anastomosis  which  lies  behind  the  liver.  In  the 
meantime  either  a  single  vessel  or  several  vascular  sprigs  have 
grown  back  on  either  side  from  the  sinus  venosus  and  passing 
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Fig.  11  Semi-diagrammatic  grapliic  reconstructions  (from  frontal  sections) 
of  the  liver  veins,  as  seen  from  above,  of  three  Acantbias  embryos.  The  hepatie- 
portal  veins  are  represented  in  aolid  black,  the  hepatic  veins  and  sinus  venosus 
in  heavy  stipple  and  the  hepatic  parenchyma  in  light  stipple.  In  fif^ure  12  A, 
the  connection  between  the  liver  and  the  foregut  and  the  upper  parts  of  the  lateral 
hepatic  pouches  are  represented  as  cut  away  dorsally.  A,  embryo  15  mm.  long 
{H.E.C.  230);  B,  embryo  20  mm.  long  (S,C.  31) ;  C,  embryo  41  mm.  long  (H.E.C. 
371).  H.p;  right  lateral  hepatic  pouch;  St.,  stalk  connecting  liver  pouch  nith 
foregut  above;  S.v.,  sinus  venosus;  V.k.d.,  right  hepatic  vein;  V.A.-p.ii.,  right 
hepatic-portal  vein. 
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along  on  the  lateral  surfaces  of  lateral  hepatic  pouchea  have 
formed  a  vascular  plexus  consisting  of  several  large  sinuses  inter- 
rupted by  small  lacunae.  In  the  drawing  the  omphalo-mesenteric 
veins,  properly  speaking,  are  represented  in  solid  black  and  the 
sinus  venosus  and  the  veins  developed  from  it  in  stipple.  The 
posterior  part  of  the  omphalo-mesenteric  veins  may  now  be  called 
'hepatic-portal'  veins,  this  beii^  the  term  commonly  used  to 
designate  them  in  the  adult,  while  the  veins  which  are  efferent 
in  their  drainage  will  be  designated  by  the  term  hepatic  veins, 
which  is  the  name  applied  to  them  in  works  on  adult  anatomy. 

In  the  stage  just  described  tubules  have  formed  only  on  the 
lateral  surfaces  of  the  hepatic  pouches.  Soon  thereafter  tubule 
formation  takes  place  with  great  rapidity  along  the  margins  of 
the  pouches  and  from  the  pars  hepatic -medialis  as  well.  The 
latter  process  results  in  breaking  up  the  clear  passageway  of  the 
blood  along  the  left  omphalo-mesenteric  vein  to  the  sinus  venosus 
and  in  place  of  this  one  discrete  passage  there  are  formed  a  number 
of  small  irregular  venous  channels  which  pass  from  the  posterior 
portions  of  the  omphalo-mesenteric  veins  (hepatic-portal  veins) 
in  among  the  tubules  and  join  the  hepatic  veins. 

At  this  time  there  is  a  marked  growth  of  the  posterior  lobes 
of  the  Uver  which  brings  about  several  changes  in  the  position  of 
the  venous  trunks.  These  may  be  seen  by  comparing  figures 
11  B  and  11  C  which  are  graphic  reconstructions  of  embryos 
18  mm.  and  41  mm.  long  respectively.  The  branches  of  the 
early  hepatic-portal  vein  which  extend  backward  along  the  inner 
surface  of  the  posterior  lobes  assume  more  and  more  importance, 
becoming  in  the  later  stage  the  posterior  continuations  of  the 
main  trunks  of  the  vein.  The  former  main  trunks  which  extended 
forward  are  relatively  reduced  in  size  and  appear  as  branches  of 
these  posterior  vessels.  At  the  same  time  the  sinus  venosus 
becomes  more  completely  separated  from  the  liver  as  the  septum 
transversum  is  formed  and  the  lateral  hepatic  efferent  trunks 
converge  towards  the  middle  line.  In  so  doing  they  take  up 
the  two  larger  venous  radicles  which  formerly  lay  medial  to  them 
and  represented  the  remains  of  the  extreme  anterior  ends  of  the 
former  omphalo-mesenteric  veins.    Thus  these  vessels,  as  may 
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be  seen  by  comparing  8  and  C  of  figure  11,  become  branches  of 
the  hepatic  vems  instead  of  direct  tributaries  of  the  sinus  venosus. 
In  older  embryos  an  increase  in  the  caliber  of  the  hepatic  veins 
posterior  to  their  entrance  into  the  sinus  venosus  indicates  the 
position  of  the  hepatic  sinuses  which  become  so  prominent  in 
some  selachians  and  which  have  been  discussed  in  some  detail 
by  Neuville  ('01). 

In  selachians  as  compared  with  the  higher  groups  of  vertebrates 
the  primitive  liver  veins  are  retained  in  the  adult  almost  in  their 
entirety.  The  main  vessels  are  established  early  before  the 
sinusoidal  complex  is  well  developed  and  these  trunks  remain 
almost  complete,  although  they  may  vary  in  size  with  changes  in 
the  hepatic  parenchyma.  In  figure  14,  for  example,  the  main 
trunks  of  the  hepatic  vein  can  be  seen  in  each  section  aUhough 
the  size  of  these  trunks  varies  greatly.  The  only  primitive 
hepatic  vessel  which  is  really  completely  broken  up  into  sinusoids 
by  the  hepatic  cylinders  is  the  small  segment  of  the  left  omphalo- 
mesenteric vein  which  passes  over  the  pars  hepatica  medialis  to 
join  the  sinus  venosus  and  even  the  anterior  and  posterior  ends 
of  this  vessel  remain  as  branches  of  the  left  hepatic  and  the 
hepatic-portal  veins  respectively.  The  growth  in  length  of  the 
hepatic  and  hepatic-portal  veins  takes  place  at  the  ends  of  the 
lateral  lobes  of  the  liver.  Here  there  exist  venous  sinuses  which 
are  joined  by  both  veins  and  which  are  interrupted  by  only 
occasional  hepatic  cylinders  sheathed  with  endothelium.  From 
these  sinuses  the  posterior  ends  of  the  afferent  (hepatic-portal) 
and  efferent  (hepatic)  veins  are  differentiated  by  the  growth  of 
a  septum  of  hepatic  cylinders  which  at  ^rst  form  a  loose  mesh- 
work  and  later  become  a  compact  wall  through  which  only 
small  capillary  sinusoids  pass  from  one  vein  to  another.  Some 
of  the  venous  branches  of  the  second  order  represent  remains  of 
ordinal  venous  trunks  as  for  example  the  two  largest  tributaries  ■ 
of  the  hepatic  veins  from  the  median  lobe.  The  others  are  the 
representatives  of  the  larger  passageways  which  have  pushed  be- 
tween the  fairly  constant  tubule  clusters  which  arise  from  the 
hepatic  pouches.  Each  of  thelargerbranches  of  the  hepatic-portal 
vein  in  the  median  lobe  of  the  liver  accompanies  for  a  short  dis- 
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tance  a  secondary  hepatic  duct  derived  from  one  of  these  tubule 
clusters.  As  a  rule  the  tubule  ridges  of  the  lateral  surfaces  of 
the  hepatic  pouches  are  completely  formed  and  are  b^jinmi^ 
to  break  up  into  rows  of  individual  anlagen  before  these  blood 
vessels  invade  their  vicinity.  Different  embryos,  however,  show 
some  variation  in  this  respect.  The  vessels  pass  backward 
between  these  rows  of  tubules  and  form  a  vascular  plexus  inter- 
rupted by  a  few  small  lacunae.  After  this  process  is  quite  well 
under  way,  the  main  vascular  trunk  of  the  left  omphalo-mesenteric 
vein  is  interrupted  by  the  growth  of  the  pars  hepatica  medialis 
and  as  a  result  vascular  sprouts  extend  out  from  the  posterior 
part  of  this  vessel  and  its  fellow  of  the  opposite  side.  These 
sprouts  join  with  the  plexuses  of  the  hepatic  veins  and  there  is 
thus  produced  a  set  of  sinusoidal  vessels  connecting  the  remains 
of  the  omphalo-mesenteric  (hspatic-portal)  venous  system  with 
the  true  hepatic  veins.  The  extension  of  this  network  is  gradual, 
and  is  not  completely  established  imtil  the  tubules  are  well  differ- 
entiated and  anastomosis  between  the  tubules  begins  to  take 
place.  The  establishment  of  the  complete  sinuosidal  circulation 
and  of  tubule  anastomosis  is  practically  simultaneous.  In 
Acanthlas,  as  in  the  pig  according  to  Hilton  ('03)  and  in  reptiles 
(Hammei:  '03),  there  is  no  reason  to  believe  that  the  blood  vessels 
have  anything  to  do  with  the  formation  of  the  earliest  hepatic 
tubules.  Certainly  there  is  no  breaking  up  of  a  solid  mass  of 
liver  cells  as  described  in  the  frog  by  Shore('93)  or  anyindentation 
of  the  wall  of  the  lateral  liver  pouches  as  has  been  seen  in  Torpedo 
by  Choronshitzky  ('00).  The  vessels  last  of  all  penetrate  among 
the  tubules  of  the  ventral  surface  of  lateral  hepatic  pouches. 
Figure  12  is  a  frontal  section  through  the  tubules  of  this  region 
of  an  embryo  15  mm.  in  length  (H.E.C.  228).  It  will  be  seen 
that  the  tubules  are  separated  only  by  scattered  mesenchymal 
'  cells  with  the  exception  of  a  single  vascular  sprig. 

Minot  ('00)  has  remarked  that  in  the  Uver,  and  in  the  pro- 
nephros and  mesenephros  as  well,  the  sinusoids  which  at  first 
may  be  small,  increase  in  size  until  they  reach  a  certain  maximum 
and  then  decrease.  To  secure  some  idea  of  the  extent  of  the 
changes  which  take  place  in  this  process,  the  area  in  cross-section 
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of  the  blood  spaces  of  selected  sections  have  been  measured 
from  a  series  of  livers  of  selachian  embryos.  Eight  sections  wotb 
selected  for  measurement  from  each  liver.  To  secure  sections 
representing  about  the  same  relative  planes  in  each  specimen 


Fig.  12    Frontal  section  through  the  tubules  arising  from  the  ventral  surface 
of  the  para  hepatica  medialis  of  an  Acanthias  embryo  IS  mm.  long  (H.E.C.  230).  ' 
X  ISO.    Hepatic  cell  nuclei  are  shaded  with  vertical  lines,  nuclei  of  mesenchymal 
eella  drawn  in  outline.    A  single  vascular  twig  is  seen  in  cross  section  above  the 
largest  hepatic  tubule. 

the  following  method  was  employed.  The  liver  was  considered 
as  divisible  into  three  parts,  as  represented  in  figure  13.  The 
first  segment  {A  to  B,  fig.  13)  consisted  of  that  part  of  the  liver 
anterior  to  the  foremost  part  of  the  curved  cystic  duct.  The 
second  segment  {B  to  C)  extended  from  the  cystic  duct  to  the 
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plane  where  the  anterior  lobe  of  the  liver  j  oins  with  the  two  lateral 
and  posterior  ones.  The  two  lateral  lobes  form  the  third  s^- 
ment  (C  to  D).  The  first  s^ment,  A  to  B,  was  divided  into 
three  equal  parts  and  the  sections  falling  upon  the  planes  separat- 
ii^  these  parts  {1  and  S)  were  used  for  measurement.  Two 
sections  were  selected  in  the  same  manner  from  the  second  seg- 
ment B  to  C.  The  third  segment  C  to  D  was  divided  into  five 
equal  parts  and  the  four  sections  falling  on  the  dividing  planes 


*       »?     S    .     ¥         5         .         ,         .         ° 


Fig.  13  Diagram  of  the  liver  of  rm  Acanthias  embryo  showiog  method  of 
BelectinE  sectioiiB  for  meaBurcmenta  of  the  blood  vessels.  Bile  ducts  and  gall 
bladder  represented  in  black. 

used  for  measurement.  In  this  segment  only  the  left  lobe  was 
measured  in  each  case.  The  sections  thus  determined  were 
drawn  with  the  camera  lucida  or  projection  apparatus  and  the 
total  area,  the  total  area  of  the  vascular  bed  in  cross^ectiou,  and 
the  area  of  the  lai^er  vascular  trunks  in  cross-section  were  then 
determined  by  means  of  a  planometer.*  From  this  data  the 
figures  given  in  table  2  were  calculated.  Such  a  method  can  lay 
.  no  claim  to  great  accuracy.  The  possibility  of  error  is  quite 
large  and  the  method  of  determining  the  position  of  the  sections 
has  some  objections,  for  all  parts  of  the  liver  do  not  grow  at  the 

•  It  is  impossible  to  determine  the  exact  area  of  the  large  trunks  in  the  earlier 
Btagee  because  of  their  great  irregularity  and  their  many  connections  with  tbe 
adjoining  sinusoids.  In  embryos  20  to  21  mm.  long  the  area  of  the  main  venous 
trunks  forms  about  20  per  cent  of  the  entire  cross  section  area  of  the  vascular 
BpaCBB  of  the  liver.  This  drops  to  about  15  per  cent  in  embryos  of  25  to  28  mm. 
and  increases  thereafter  with  tbe  relative  reduction  of  the  sinusoids.  In  the  last 
member  of  the  series  in  table  2.  the  main  trunks  formed  about  30  per  cent  of  tbe 
total  cross  section  area  of  the  blood  vessels. 
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same  rate  and  the  development  of  the  vascular  supply  of  the 
organ  is  closely  related  to  its  growth.  Such  a  study,  however, 
does  give  us  some  rough  approximations  which  may  be  of  value. 

A  study  of  table  2  brmgs  out  clearly  the  three  stages  in  the 
vascularization  of  the  liver  in  Acanthias.  The  first  stage  found 
m  an  embryo  between  12  and  20  mm.  in  length  is  one  in  which 
the  tubules  are  growing  with  great  rapidity  and  the  sinusoids 
are  only  cleft  like  endothelium  lined  spaces  (figs.  14  A  and  B). 
It  is  only  in  the  lateral  lobes  of  the  liver  where  the  hepatic  and 
the  hepatic-portal  veins  unite  in  large  sinuses  that  the  vascular 
percentage  of  the  organ  is  high.  During  the  latter  part  of  this 
period  tubule  anastomoses  are  forming  in  large  number.  With 
anastomosis  the  vascular  supply  of  the  organ  increases  with  the 
greatest  rapidity  and  the  tubules,  taking  on  the  form  of  slender 
cylinders,  are  separated  by  very  lai^e  vascular  spaces.  This 
phase,  which  is  inaugurated  rather  suddenly,  continues  while  the 
embryo  grows  from  a  length  of  about  20  mm.  to  a  lei^th  of 

TABLE  2 
Measuremenla  of  Ike  hepatic  vatcvlar  tpacet  in  Acanthioi  embryoi 
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about  30  mm.  During  this  period  roughly  one-half  of  the  bulk 
of  the  liver  is  made  up  of  vascular  spaces  and  of  this  half  much 
the  greater  part  is  in  the  form  of  sinusoids.  Figure  14  C  is  & 
section  through  a  plane  correspondii^  to  figure  14  B,  and  shows 
graphically  the  extent  of  the  blood  vessels  at  the  time  when  they 
form  the  larger  part  of  the  Uver.  New  tubules  develop  in  great 
numbers  during  this  time.  Finally  a  period  of  reduction  in  the 
size  of  the  sinusoids  sets  in.  This  reduction  is  brought  about 
entirely  by  the  increase  in  the  size  of  tubules  already  formed. 
By  this  increase  in  the  parenchyma  the  sinusoids  are  reduced  to 
the  'capillary  sinusoids'  of  Minot.  This  process  is  very  notice- 
able in  embryos  between  35  and  45  mm.  in  length.  It  continues 
probably  to  the  time  of  birth.  Figure  14  E  is  of  a  cross  section 
of  the  liver  of  an  embryo  47.3  mm.  loi^  and  shows  tiie  marked 
decrease  in  tiie  size  of  the  sinusoids  at  that  time. 

The  increase  in  size  of  the  sinusoids  is  both  actual  and  relative. 
The  decrease  in  the  total  area  (in  cross-section)  of  the  sinusoids 
is  at  first  only  a  relative  one, but  later.for  a  short  period  at  least, 
it  is  actual  as  well  as  relative. 

A  point  which  table  2  does  not  bring  out  is  that  the  size  of  the 
sinusoids  is  not  determined  by  their  position  in  relation  to  tiie 
lai^er  vessels  but  is  dq>endent  upon  the  stage  of  devdopment 
of  the  parenchyma  with  which  th^  are  interwoven.  The 
sinusoids  do  not  form  a  taperii^  system  of  vessels  lat^est  near 
the  veins  which  receive  them.  This  has  been  in  a  way  pointed 
out  in  the  section  upon  the  growth  of  the  hepatic  cylinder  net- 
work. In  the  lateral  lobes  for  example,  the  growth  of  the  tissue 
is  at  first  entirely  backward  and  during  this  period  sinusoids  of 
large  size  are  generally  distributed  throughout  the  lobe  (fig.  15  A). 
After  the  lobes  have  completed  the  greater  part  of  their  posterior 
growth  there  begins  a  great  increase  in  the  hepatic  tissue  along 
their  dorsal  margins  and  the  lobes  gradually  push  upward  on 
either  side  of  the  intestine.  With  this  change  in  the  area  of  rapid 
growth  there  also  occurs  a  change  in  the  sinusoids  which,  as  is 
shown  in  figure  15  B,  continue  to  form  practically  half  of  the 
dorsal  portion  of  the  lobes  while  in  the  ventral  portions  th^ 
form  less  than  10  per  cent  of  the  total  area  in  cross-section. 
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Fig.  14  A  series  of  transverse  sections  of  the  livers  of  Acanthias  embryos  of 
different  ages  showing  the  development  of  the  sinusoids  which  are  represented 
in  solid  black.  All  sections,  with  the  exception  of  A,  are  taken  at  a  plane  equalljr 
distant  from  the  anterior  end  of  the  liver  and  the  anterior  end  of  the  gall  bladder; 
all  X  35.  A,  embryo  13.3  mm.  long  (S.C.  18) ;  B,  embryo  20.5  mm.  long  (S.C.  fi) ; 
r,  rinbryo28mm.  long  (S.C.  &);D,  embryo 47.3 mm.  long  (S.C.  11). 
291 
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Similar  changes  are  seen  in  earlier  stages  in  the  main  median 
lobe  of  the  liver  and  in  the  process  of  the  cystic  lobe  which  at- 
tends into  the  yolk  stalk  coelome. 

In  Mustelus  and  Torpedo  the  early  development  of  the  hepatic 
sinusoids  is  quite  different  from  that  seen  in  Acanthias.  In 
these  forms  the  ompbalo-mesenteric  veins  become  much  enlai^^ 
at  an  early  stage  and  lie  both  dorso-mediaj  and  ventro-lateral 
to  the  hepatic  pouches  instead  of  only  medial  to  them  in  Acanthias. 
As  a  result  the  hepatic  tubules  are  in  contact  with  the  walls  of 
large  vascular  chambers  from  the  time  of  their  first  appearance 
and  as  they  grow  they  can  only  do  so  by  pushing  the  endothelial 
walls  of  the  vessels  before  them.  The  tubules,  as  has  been  re- 
marked, are  slender  and  elongated  and  unite  by  anastomoses 
soon  after  their  formation.  Thus  there  is  no  stage  in  these  forms 
corresponding  to  the  early  one  in  Acanthias  where  the  sinusoids 
are  small  cleft-like  spaces.  The  proportion  of  the  volume  of  the 
liver  formed  by  sinusoids  is  very  high  at  first  but  is  steadily 
reduced  as  development  proceeds.  Figure  16  of  two  transverse 
sections  of  Mustelus  embryos  16.7  mm.  and  22.5  mm.  in  length 
respectively  illustrates  these  points,  as  do  also  the  thick  frontal 
sections  shown  in  figures  44  and  45.  The  larger  vaaculartrunks  of 
the  liver  in  Mustelus  and  Torpedo  are  mapped  out  by  the  growth 
of  the  hepatic  cylinder  network  between  them.  As  in  Acanthias 
the  main  hver  veins  are  marked  out  early  in  the  development  . 
of  the  organ,  and  are  not  formed  by  the  fusion  of  smaller  vascular 


In  both  the  forms  under  discussion  and  in  Acanthias  the 
hepatic  sinusoids  are  formed  by  the  intercresence  of  the  hepatic 
cylinders  and  the  ompbalo-mesenteric  veins.  In  Mustelus  and 
Torpedo  this  intercresence  is  due  to  the  invasion  of  the  space 
occupied  by  the  vein.  In  Acanthias,  in  early  stages,  the  inter- 
cresence is  due  to  the  penetration  of  the  venous  sprouts  about 
the  tubules  which  are  already  established.  In  later  stages  in 
Acanthias  the  cylinders  increase  by  growing  into  venous  spaces 
and  the  end  result  in  either  case  is  the  same.  Thus  both  the 
methods  of  sinusoid  development  postulated  by  Minot  ('00)  and 
by  Lewis  ('04)  are  found  in  these  forms. 
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Fig.  15  Two  transverse  sections  through  the  nii<t<lle  of  the  left  lateral  lobe  of 
Acanthiaa  embryos;  both  X  75.  A,  embryo  28  mm.  long  (S.C  6);  B,  embryo 
47.3  mm.  loDg  (S.C.  II);  sinusoids  represented  in  black. 

Fig.  16  Transverse  sections  through  the  middle  of  the  median  lobe  of  two 
embryos  ot  Mustelus  canis.  A,  embryo  16.7  mm.  long  (S.C.  32) ;  B,  embryo  22..") 
mm,  long  (S.C.  33);  both  X  35;  sinusoids  represented  in  black. 
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In  Acanthias  the  establishment  of  the  sinusoidal  circulation 
and  the  process  of  anastomosis  of  the  hepatic  tubules  occur 
ahnost  simultaneously.  In  Mustelus  and  Torpedo  the  hepatic 
tubules  anastomose  immediately  after  their  intercresence  with 
the  omphalo-mesenteric  veins.  At  first  sight  there  would  seem 
to  be  some  relation  between  the  sinusoidal  type  of  circulation 
and  the  anastomosis  of  glandular  end-pieces.  This  seems  to  be 
supported  by  the  evidence  that  the  pancreas  of  ganoids  has  free 
anastomoses  with  a  sinusoidal  circulation  and  these  conditions 
are  also  found  in  the  paraphysis  of  Necturus  (Warren  '05)  and 
in  the  islands  of  Langerhans  in  Mammalia  (deWitt  '06).  Sinus- 
oids also  occur  in  other  ductless  glands  which  anastomose. 
On  the  other  hand  I  have  found  no  report  of  anastomoses  between 
the  tubules  of  the  mesonephros,  and  a  free  sinousoidal  circulation 
exists  in  this  organ.  The  tubules  of  the  embryonic  mammaUan 
pancreas  are  known  to  anastomose  freely,  and  there  is  no  record 
of  a  sinusoidal  circulation  in  this  oi^an.  Similarly  Braus  ('00) 
finds  a  free  anastomosis  of  the  end  pieces  of  the  bulbo-urethral 
gland  which  has  the  capillary  type  of  circulation  and  Bremer 
('11)  has  found  the  same  conditions  in  the  testis.'  It  is  evident 
that  no  general  rule  can  be  laid  down  regarding  this  relation,  at 
least  with  our  present  knowledge  of  the  subject. 


A.  Development  of  the  hepatic  parCTichyma 

1.  Hepatic  tubules  are  first  represented  by  longitudinal  ridges 
formed  on  the  external  surfaces  of  the  pars  hepatica  lateralis 
and  medialis,  and  by  slight  irregularities  of  the  margins  of  the 
pouches  forming  the  pars  hepatica  lateralis. 

2.  The  hepatic  ridges  are  converted  into  irregular  rows  of 
tubule  anlagen  by  transverse  constructions. 

3.  The  individual  tubule  anlagen  thus  formed  grow  outward 
and   are  differentiated  into   expanded   terminal  chambers  and 

'  OccABion&l  anastomoscB  are  found  in  a  number  of  glands  such  as  the  gaetric 
and  uterine  glands.  It  is  to  be  expected  that  such  occasional  connections  will 
be  found  in  almost  any  gland  which  is  studied  carefully  n-ith  the  aid  of  recon- 
structions. 
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constricted  proximal  necks.  Secondary  tubules  of  the  second, 
third  or  fourth  order  may  be  produced  from  the  terminal  expanded 
chamber  before  tubule  anastomoses  are  formed. 

4.  In  Acanthias  the  hepatic  tubules  may  differentiate  in  regions 
into  which  biood  bessels  have  not  penetrated. 

5.  Tubule  anastomosis  and  the  complete  establishment  of 
sinusoidal  circulation  are  practically  simultaneous. 

6.  Anastomoses  of  tubules  may  take  place  end  to  end,  side 
to  end,  or  side  to  side.  The  frequency  of  the  several  types  is 
in  the  order  stated. 

7.  The  process  of  anastomosis  involves  the  stages  of  (a)  the 
contact  and  fusion  of  the  tubules  involved,  (b)  the  rearrangement 
of  cells  in  the  area  of  confluence,  and  (c)  the  establishment  of  a 
new  connecting  lumen. 

8.  While  the  cell  position  is  shifted  in  anastomosis,  the  cell 
axis  remains  unchanged. 

9.  After  anastomosis  the  increase  in  the  immber  of  hepatic 
cylinders  takes  place  in  three  ways,  viz:  (a)  the  formation  of  he- 
patic cylinders  directly  from  the  pouch  wall;  (b)  the  inter- 
stitial development  of  cylinders  from  blind  sprouts  from  the  net- 
work ;  (c)  the  peripheral  growth  of  the  terminal  hepatic  cylinders. 

10.  These  methods  of  increase  cease  in  the  order  named  and 
contribute  to  the  network  inversely  to  the  order  given  above. 

11.  Increase  in  the  number  of  cylinders  of  the  hepatic  network 
first  ceases  in  the  body  of  the  median  lobe  and  last  in  the  tips  of 
the  lateral  lobes  and  along  the  dorsal  margins  of  the  lateral  lobes 
and  connecting  portion. 

12.  The  number  of  cells  surrounding  the  lumen  of  the  hepatic 
cylinder  in  cross-section  drops  from  an  average  of  12  +  in  the 
tubule  at  the  time  of  anastomosis  (14  to  15  mm.)  to  3  ="=  in  an 
embryo  95  nun.  long. 

13.  The  diameter  of  the  hepatic  cylinders  increases  up  to  and 
immediately  after  the  time  of  anastomosis.  With  the  enormous 
increase  in  the  size  of  the  sinusoids  following  a  short  time  after 
anastomosis,  the  diameter  for  a  time  decreases.  Thereafter 
the  diameter  of  the  cylinders  undei^oes  a  steady  increase  at  least 
to  the  time  of  birth  or  hatching. 
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14,  The  early  increase  in  size  of  the  cylinders  is  due  to  a  multi- 
plication of  cells.  The  later  increase  is  due  to  a  growth  in  the 
size  of  the  individual  cells. 

15  The  hepatic  nuclei  which  are  originally  lai^e  and  elongately 
oval,  become  somewhat  reduced  in  size  and  spherical  in  shape 
at  the  time  when  the  tubules  are  formed  from  the  tubule  ridges. 
Thereafter  they  undergo  a  slow  shrinkage  in  size  ap  to  the  time  of 
birth.  In  later  stages  they  may  again  become  oval  or  gibbus  in 
outline,  due  to  the  pressure  of  the  intracellular  fat.  The  nuclei 
are  at  first  basal  in  position  and  later  become  either  central  or 
peripheral. 

16.  Hepatic  nuclei  first  have  the  common  embryonic  type  of 
structure  which  they  retain  longer  than  do  the  nuclei  of  most 
tissue.  The  enibrj'onic  type  of  structure  is  lost  first  in  the 
nuclei  of  the  gall  bladder  and  major  hepatic  ducts,  next  in  the 
minor  hepatic  ducts,  and  finally  in  the  hepatic  cylinders, 

17.  Fat  appears  in  the  cylinders  at  an  early  stage  and  eventually 
fills  almost  the  entire  cell  as  in  the  typical  fat  cell. 

18.  Selachians  in  which  the  omphalo-mesenteric  veins  are 
early  developed  to  large  proportions  have  slender  hepatic  tubules 
which  indent  the  walls  of  the  vessels  and  anastomose  at  a  verj' 
early  stage. 

B.  Development  of  the  minor  ducts 

1.  Two  forms  of  bile  duct  formation  exist  in  the  selachian  liver, 
that  of  evagination  of  the  liver  pouch,  and  that  of  transformation 
of  pre-existing  cylinders  into  bile  duets.  The  first  and  most 
primitive  is  more  active  in  the  selachians  than  in  higher  verte- 
brates and  fonns  the  major  ducts  and  the  proximal  parts  of  the 
minor  ones.  The  distal  parts  of  the  minor  ducts  are  formed  by 
cylinder  transformation. 

2.  Ducts  are  only  differentiated  from  cylinders  which  lie  in 
contact  with  branches  of  the  omphalo-mesenteric  veins.  The 
side  of  the  cylinder  lying  towards  the  vein  is  always  the  first 
to  differentiate  and  in  the  smaller  ducts  is  the  only  part  to  be 
differentiated  from  the  true  hepatic  cells. 
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3.  The  cells  of  the  bile  duct  epitheliiim  are  structurally  farther 
removed  from  the  primitive  hepatic  cell  type  than  are  the  cells 
of  the  hepatic  cylinders. 

C  The  hepatic  mesenchyma 

1.  The  hepatic  mesenchyma  is  derived  from  the  splanchnic 
mesothelium  from  two  zones  and  at  two  periods.  In  both  cases 
the  mesenchymal  proliferation  is  associated  with  marked  irregu- 
larities of  the  mesothelium. 

2.  The  first  mesenchymal  prohferation  is  ventral  and  is  as- 
sociated with  the  formation  of  mesothelial  villi  on  the  right  side 
and  irregular  mesothelial  growths  about  the  omphalo-mesenteric 
vein  on  the  left  side.  This  proliferation  forms  the  mesenchymal 
tissue  about  the  gall  bladder,  cystic  duct,  main  trunk  of  the 
omphalo-mesenteric  vein,  and  to  an  indeterminable  degree  the 
interstitial  mesenchymal  tissue  of  the  ventral  part  of  the  Uver. 

3.  The  second  and  dorsal  proliferation  is  associated  with  the 
formation  of  mesothelial  funnels  and  anastomosing  mesothelial 
tubules  which  at  one  time  occupy  the  dorsal  fifth  of  the  liver. 
These  mesothelial  invaginations  break  down  into  mesencbj-mal 
cords  which  in  turn  form  the  interstitial  mesenchymal  tissue  of 
the  dorsal  part  of  the  liver. 

4.  These  two  zones  of  mesenchymal  proliferation  correspond 
with  the  two  zones  of  splanchnic  mesenchymal  proliferation  of 
the  trunk  region  of  selachian  embryos  as  described  by  H.  E. 
Ziegler. 

5.  The  mesothelial  covering  of  the  Uver  is  at  first  made  of 
columnar  cells  which  later  become  squamous  and  thereafter 
apparently  give  rise  to  little  or  no  mesenchymal  tissue.  The 
last  areas  from  which  the  primitive  form  of  mesothebum  dis- 
appears are  the  tips  of  the  lateral  lobes  and  the  dorsal  margins 
of  the  lateral  and  median  lobes. 

6.  Generally  the  splanchnic  mesotheliiun  becomes  reduced 
at  once  from  a  columnar  to  a  squamous  cell  layer  upon  contact 
with  a  hepatic  tubule  or  cylinder. 
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7.  The  primitive  embryonic  type  of  nuclear  structure  is  lost 
in  the  mesenchymal  cells  as  they  are  proliferated  from  the  meso- 
thelium.  No  sharp  line  of  demarcation  could  be  drawn  between 
endothelial  and  mesenchymal  cells, 

D.  Hepatic  sinusoids 

1.  Hepatic  sinusoids  arise  in  selachians  by  intereresence  of 
the  hepatic  cylinders  with  the  omphalo-mesenteric  vein.  This 
intereresence  may  be  brought  about  either  (a)  by  the  growth  of 
the  rami  of  the  omphalo-mesenteric  vein  about  the  cylinders  as  in 
Acanthias,  or  (b)  by  the  invagination  of  the  vessel  wall  by  grow- 
ing cylinders  as  in  Mustelus  and  Torpedo. 

2.  In  the  first  type  there  may  be  recognized  three  stages  of 
sinusoid  development:  (a)  The  first  in  which  the  sinusoids  are 
sparse  and  differ  from  capillaries  only  in  their  terminations  at 
either  side  in  veins;  (b)  The  second  stage  in  which  the  sinusoids 
are  greatly  enlarged  constituting  approximately  50  per  cent  of 
the  liver;  (c)  The  final  stage  in  which  the  sinusoids  take  the  form 
of  the  capillary  sinusoids  of  Minot.  In  the  second  type  of  inter- 
eresence only  the  last  two  stages  are  present. 

3.  The  reduction  of  the  sinusoids  from  stage  (b)  to  stage  (c) 
is  due  to  the  growth  in  size  of  the  hepatic  cylinders  and  not  due 
to  their  increase  in  number,  for  the  most  active  increase  in  num- 
ber of  cylinders  takes  place  prior  to  or  early  in  stage  (b). 
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EXPLANATION   OF   PIGUREB 

17  Reconstruction  of  the  hepatic  anlage  of  an  Acanthiae  embryo  7.5  bud. 
long  (S.C.  14)  showing  longitudinal  tubule  ridges  upon  the  wall  of  the  lateral 
hepatic  pouch. 

18  Reconstruction  of  the  hepatic  aniage  of  an  Acanthias  embryo  10  mm.  long 
(S.C.  20)  showing  the  formation  of  individual  tubule  aniagen  from  the  tubule 
ridges. 

19  Reconstruction  of  a  hepatic  tubule  of  an  .Acanthias  embryo  13.3  mm. 
long  (S.C.  18)  showing  division  into  dorsal  chamber  and  proximal  neck  and  the 
secondary  tubules  arising  from  the  former. 

20  Reconstruction  of  a  more  highly  developed  tubule;  from  the  same  speci- 
men as  figure  10. 

21  Reconstruction  of  two  simple  tubules  from  the  lateral  hepatic  pouch  of  u> 
Acanthias  embryo  15  mm.  long  (H.E.C.  227). 

22  an<I  23  Two  views  of  a  reconstruction  of  a  highly  developed  hepatic  tubule 
just  prior  to  anastomosis;  some  of  the  secondary  tubules  are  in  contact ;  from  the 
same  specimen  aa  Hgure  21. 

24  Reconstruction  of  three  anastomosing  tubules;  from  the  same  specimen  as 
Ggure  21 ;  tubules  A  an<l  B  are  completely  fused ;  tubules  C  and  .4  are  in  an  early 
stages  of  the  process. 
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EXPLANATION   C 

o  27    Sections  of  hepatic  tubules  of  Acanthios  illustrating  the  procesB  of 
:;  (fig.  36  represents  a  step  between  figs.  26bq<1  27). 
2-5    Early  contact  ntage  in  anastomosis;  from  an  embryo  13.'3  mm.  long  (S.C. 
18) ;  alum  hematoxylin.     X  400. 

26  Fusion  of  tubulra;  from  an  embryo  19  mm.  long  (S.C.  3) ;  alum  hematoxylin. 
X400. 

27  Establishment  of  connecting  lumen  between  two  anastomoBed  tubules. 
From  an  embryo  10  mm.  long  (S.(\  2);  alum  hematoxylin.  X  400.  Graphic 
reconstructions  of  these  tubules,  shown  in  cross  section  in  figures  26  and  27,  are 
illustrated  in  figure  2,  page  224. 

28  to  30  Sections  of  the  external  walls  of  lateral  hepatic  pouches  of  Acanthiaa 
embryos  illustrating  the  formation  of  the  hepatic  tubules. 

28  Formation  of  tubule  ridges;  from  an  embryo  8  mm.  long  (K.U.E.C. 
645) :  iron  hematoxylin,     X  600. 

29  Early  outpouching  of  individual  tubules.  From  »n  embryo  10  mm, 
long  (S.C.  20) ;  alum  hematoxylin.     X  400. 

30  Completely  formed  tubules  at  the  time  when  anastomoses  first  appear; 
from  an  embryo  13.3  mm.  long  (S.C.  18) ;  alum  hematoxylin.     X  400.- 
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!il  to  34    l''our  aections  of  livers  of  Aranthiaa  embryoH  of  different  agea,  illua- 
tratinfc  the  changes  in  the  hepatic  cylinders;  all  X  400. 

31  Section  of  the  liver  of  an  embryo  16  mm.  long  (K.U.E.C.  &47);  iron 
httmaloxylin. 

32  Section  of  the  liver  of  an  embryo  20.6  nun.  long  rH.E.C.  14M);  iron 
hematoxylin. 

33  Section  of  the  liver  of  an  embryo  32  mm.   long  (H.E.C.  1652);  iron 
hematoxylin. 

34  Seclion  of  the  liver  of  an  embryo  (of  Squaliis  sucklii)  95  mm,  long  (H.E.C, 
1882 1  r  nliim  cochineal. 
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35  Tranaveree  section  of  th<?  nmrgin  of  the  liver  of  an  embryo  of  Torpedo 
ocellata  26  nun.  long:  alum  hematoxylin.     X  3'>0. 

36  Section  of  an  anastoniosit<  between  two  hepatic  tubules  of  an  Acaathias 
embryo  14  mm.  long  (S.C.  30) ;  alum  hematoxylin.  X  500.  (This  section  shows 
a  stage  intermediate  to  those  shown  in  figures  26  and  27). 

37  Transverse  section  of  a  terminal  bile  duct  of  an  embryo  95  mm,  long  {H.E. 
C.  1882);  alum  cochineal.     X  400. 

38  Hepatic  tubules  and  mesenchymal  ingrowths  from  a  tranaverse  section  oE 
the  dorsal  margin  of  the  liver  of  an  Acanthias  embryo  24.7  mm,  long  (H.E.C. 
1492);  iron  hematoxylin.  X  400.  .V,  mesenchymal  ingrowths.  H.I.,  hepatic 
tubules. 

39  Transverse  section  of  a  developing  bile  duct  of  an  Acanthias  embryo  24.7 
mm.  long  (H.E.C.  1492);  iron  hematoxylin.     X  400. 
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PLATE  5 

EXPLANATION   or   PIGDREB 

40  to  42  Portions  of  thick  sections  of  livers  of  Acanthias  etnbryoB  of  dif- 
ferent ag^.  The  tnethoil  of  preparation  is  described  in  footnote  4,  page  226. 
All  approximately  X  200. 

40  Thick  section  of  the  liver  of  an  embryo  approximately  15  mm.  long. 

41  Thick  section  of  the  liver  of  an  embryo  approximately  21  mm.  long. 

42  Thick  section  of  the  li\'er  of  an  embryo  approximately  30  mm.  long. 
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4^  Preparation  of  the  periphery  of  the  posterior  lobe  of  au  Acaathiaa  embryo 
approximately  30  nun.  long  Bhowing  the  terminal  buds  of  the  hepatic  network 
and  th<t  attachment  of  the  network  to  the  mesothelial  covering  by  mcana  of  meaen- 
chymal  strands. 

44  Thick  frontal  section  of  the  liver  of  an  embryo  of  Muetelus  canis  approxi- 
mat«ly  12  mm.  long.  The  large  hepatic  duct  and  the  hepatic  tubules  lie  in  a 
vascular  sinus  which  is  represented  in  black.  The  vertical  band  seen  on  the  rif^t 
hand  side  is  a  section  of  the  jnesothelial  irovcring  of  the  liver. 
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45    Thick  frontal  section  of  the  liver  of  an  embryo  of  MuBt«liu  c: 
■nately  16  nun.  Iodk. 
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